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ADVERT ISEMEN 

TO THE SECOND EDITION. 



The author of the following treatise if 
avail himself of the present opportunity o 
his respectful acknowledgments to thi 
of the Architectural and Engineering 
and to the public generally, for the ver 
manner in which the first part of the 
has been received. The very rapid sale c 
and the still increasing, demand for it, 
than realised the anticipations of the auti 
A second edition having been calli 
writer has been enabled to make such 
and improvements as have appeared dee 
which, he hopes, will render it more wo; 
approbation of those for whose use it 
written. The success of the first editi 
assured the author of the support of 
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naturally feels greater confidence in the 

he has undertaken, and is stimulated 
J utmost endeavours to retain so honour- 
i. of distinction. 

isequence of the vigorous condition of 
; practice, the author considered that a 
lysis of those mineral substances which 
le greatest portion of building materials 
materially to the practical value of the 

this purpose, he has made a collection 
specimens, and has subjected them to 
imical analysis. The result of these 
IS will be given in the forthcoming 

it is hoped that the information thus 
the profeMion will prove to be of con- 
aportance. The second part will contain 

the following subjects : — 

the sands of the plastic clay formation. 

the analysis of the principal mineral 
jmployed in building, 
concrete, asphaltic, and other cements, 
! coDstructioD of foundations on various 

the machines and scaffolding used in 
and building. 
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execution, fully corroborative of this opinion. It is 
evident therefore, that the engineer should be pre- 
pared with snch information as will enable him to 
avail himself of the resources of each particular 
district, and to apply them with promptitude and 
decision. 

The calcareous and siliceous deposits of this 
country have hitherto received but little attention 
'rem the profession ; and we may add, that with 
•espect to the nature and properties of the materials, 
N& are as yet " upon the threshold of our know- 
edge." 

The great and increasing demand for geolo- 
gical information applicable to architectural and 
mgineering purposes, has induced the author to 
)refis to the following Treatise a Register * of the 
)rincipal geological formations in each of the coun- 
ies of England and Wales, with observations on 
he quality of the materials to be derived therefrom, 
ind applicable to the purposes of building; also, 
he situation of the principal stone quarries, lime 
vorks, &c. 

In compiling this " Register," the author has 
ittempted to give a concise view of the resources of 
iach county, in order that the draft of the specifi- 
;ations for important works may be made with 

• In consequence of the eitent occupied by this additional matter, 
which has much exceeded our original plan.) tlie " Introduction," 
chich is chiefljr historical, is deferred till the publication of the second 
lartof the " Treatite." 
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greater accuracy than heretofore, and that the 
builder may be directed to the sources from which 
he may obtain his materials with fecility and 
economy. 

To trace the extent and disposition of the strata, 
the engineer must necessarily consult an accurate 
geological map ; for this purpose, the " Index Map," 
by J. Philips, Esq., RR.S., G.S., and the large 
map by Messrs. Walker, will supply much valuable 
information. 

The reader will perceive, from the authorities 
which are given, that the author has, in the following 
compilation, freely availed himself of such informa- 
tion as was afforded by reference to the works of 
the most eminent writers on geological science ; and 
having, also, visited and carefiilly examined most 
of the northern and western counties of England 
during the last two summers, he trusts that the 
variety of lacts and data thus collected and brought 
under immediate observation, may meet with the 
approbation of the members of that profession to 
which he has the honour to belong. 

3, PuniiviU'i Iim, Nov. 1838. 
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A REGISTER 



OF THE PRINCIPAL GEOLOGtCAL FORMATIONS IN 
OF THE COUNTIES OF ENGLAND AND WALES, 
OBSERVATIONS ON THE QUALITY OF THE MAT! 
TO BE DERIVED THEREFROM. AND APPLICAJ 
THE PURPOSES OF BUILDING ; ALSO, THE SIT! 
OF THE PRINCIPAL STONE QUARRIES, LIME WOI 



Northumberland. 

The county of Northumberland contains, 1. I 
tain or carboniferous limestone. 2, Chal. 3. Bi 
and porphyritic trap. And, 4. Old red sani 
with the accompanying beds of conglomerates 
stones, variegated marls, and comstones. 

The building materials supplied by this c 
chiefly consist of limestone, limestone varbl 
sandstones. The quarries are plentifully distri 
throughout the county. Limestone abounds 
districts of Bamborough Ward and part of 
dale Ward, east of the river Till ; it is also quari 
the following places— Sprouston,Stodridge,Sl 
tie, Long Franlington, Hartbum, Ryall, Corb 
and Aldstone Moor. Blue, red, gray, and 1 
whinstone is procured from Bamboroughshii 
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Cheviot mountfuns, and adjacent places. It is 
generally, employed for repairiBg tbe roads. 

The limestones of Northumberland vary con- 
ably in quality ; they may be classified in the 
(ring order ; — 1. Highly crystalline. 2. Slightly 
alline. 3. Ferruginous. 4. Bituminous. And, 
alcareo-siliceoua. The strongest lime is to be 
ined from the calcination of Nos. 3 and 4. The 
alline varieties are best adapted for wrought 
tnry or architectural ia^ades. For engineering 
3, or the substructure of important buildings, 
sandstones, associated with the carboniferous 
sits, are highly valuable. The following are 
varieties: — 1. Slate sill — a fine-grained mi- 
jus, slaty rock, of a gray colour, used as a 
Qg slate in many villages of Northumberland 
Durham. It is the uppermost bed in the section 
leley field. 2. Freestone m7&— fine-grained 
tzose sandstones, used for building. 3. Hazles — 
, ferruginous, fine-grained sandstones. 4. Mill- 
! grit — a coarse, white, quartzose sandstone ; it 
J out ?n the Derwent, and is quarried for mill- 
;s. The quarries are at Muggleswick Fell, and 
een Wobingham and Stanhope, in "Weardale. 
milar rock is found at Scrameratone, in the 
i-eastempartofNorthumberland.andatCrdster, 
Howick. The castle of Dunstanborough is 
; with this stone. 5. Grindatone sill — a fine- 
led yellowish sandstone found at Alstone Moor 
rham), Coalcleugh, Allenheads (Northumber- 
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land), Neqthead, and on the aummit of Cross Fel 
The grindatpnea made from this material are sai 
to be much inferior to those of Newcastle. 

BeUm the limestone, in the Aldatone Mo( 
section (Durham), are the followii^ sandatonea :- 

1. Whetstone siU — a fine-grained micaceous sane 
stone, at Burtreeford. 2. Ironstone sill — a ferrug 
nous sandstone, containing an abundance of ire 
pyrites. 3. Firestone — a fine-grained, porous sani 
stone, used for furnaces. 4. Pattison's sill — a ver 
hard, gray sandstone, containing mica. 5. Tl 
coal sills — similar to the above. And, 6. Water Hi 
or tuft — a very porous, soft, light-coloured sani 
stone. 

The durability of sandstone chiefly depenc 
upon its texture or atate of induration. It has bee 
remarked,* that when a porous sandstone is expose 
to the weather, or placed in such situations whei 
water may enter and penetrate its crevices, mei 
change of temperature will cause much miachiel 
but on the occurrence of a frost, the expansion h 
comes so great, that a single winter may cause 
disaggregation of the entire mass. 

Durham. 

The county of Durham contains, 1. Cha 

2. Millstone grit. 3. Magnman limestone. ' 
Mountain limestone. And, 5. Trap. 

* See ^ande'e Journal, vol. iii. p. 3S1. 
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Viii 

The great limestone of Frosterley, in Weardale 
(Durham), is a dark gray shelly marble, extensively 
quarried for lime, ornamental purposes, &c.; it con- 
tains 96 per cent, of carbonate of lime. The scar lime- 
stone is similar to the above ; it crops out in the 
Nent rivulet. The cockle-shell limestone — a dark, 
iron-gray, shelly limestone; it crops out on Aid- 
stone Moor. The Tyne-bottom limestone — an encri- 
nal limestone of three strata ; it forms the bed of 
the Tyue for four miles, from Tyne Head to Garri- 
gill Gate. Robinson's great limestone and the Melr 
merhy scar limestone, are carboniferous beds of con- 
siderable thickness ; the former is the lowest in the 
Dufton section, and the latter bassets out at Mel- 
merby Cliff. At this place the bed is twenty-one 
fathoms in thickness. An account of the magnesian 
limestone of Durham, and an analysis of some 
specimens will be found in the 4th chapter of this 
Treatise. Magnesian limestone, when calcined, pro- 
duces lime possessing pecuhar properties, which are 
hereafter noticed. As a material for masonry, it 
is much superior to the tender oolitic varieties of 
the west of England. The atmosphere acts with 
much less intensity upon the fine-grained and mag- 
nesian limestone than upon the coarser and oolitic 
kinds. The superficial hardening which takes place 
upon the surface of the Bath oolite, when esposed 
to the weather, is very deceptive, inasmuch as it is 
followed by a rapid disaggregation of the stone. 
The Castle of Clare, in the county of Suffolk, is in 
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part built with magnesian limestone. A port' 
of one of the bondstones from the keep of t 
structure, was procured by the author during 
past summer. Upon examination it was foi 
nearly perfect, while a specimen of oolite from 
same building crumbled to calcareous sand. 1 
building was erected some time previous to the y 
1190. 

The milhtone grit and other sandstones 
the county of Durham do not differ materially ft 
the sandstones of Northumberland already descrit 
such Tariations as occur being more interesting 
the geologist than to the engineer, we omit ; 
further notice of them. 

The sandstone from the Heddon (Hed<j 
on-the-Wall) quarries, Northumberland, must : 
however, be omitted in our Register. This stone 
hard, light-coloured quartzose sandstone, with rai 
a coarse grain, hut admirably adapted for engini 
ing works. Some of the earliest edifices in 
county, constructed with this stone, yet remain 
attest its durability. 

The quarries recently opened at Hed 
commimicate with the Tyne river by a railw 
The basalt, graywacke, new and old red sandsti 
fcc., are chiefly worked and employed for local j 
poses. The other materials will be described in 
account of those counties where such format! 
assume a greater importance. 
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Cumberland. 

imberland ccmtains, 1. New and old red 
u. 2. Trap. 3. Granite. And, 4. Clay 
The principal free stone quarries (chiefly red 
Ite siliceous and quariizose grits), are in the 
lurhood of Whitehaven ; from whence it is 
to various places. Quarries for grindstone 
■e situated near Ivegill and Bamgill. The 
ite quarries are at Bassenthwaite, Borrow- 
luttermere, Cockermouth, and Ulpha. In 
inty there is also coal .and its accompanying 
ae, but the principal deposits from which 
s; stone is drawn are die new and old red 
ae formations. 

Wes^ioreland. 

estmoreland contains formations similar to 
>ve, with the addition of a development of 
irian system. These rocks furnish, 1, Mica- 
andstones, limestones, and sandy shales. 2. 
stalline limestone shale- 3. Gritstones, then 
les and sandstones. And, 4. Calcareous and 
•■sous flags. The prevailing stratum of 
ithem and eastern parts of the county is 
ferous Hmestone, associated with quartzose 
Limestone marble is quarried within three 
f Kendal, also near Ambleside, and a bitu- 
limestone near Kirby Lonsdale and Ken- 



by Google 



dal Fell. The great slate quarries occupy the 
westeiD mountains. A valuable quarry of fine blue 
slate (the property of Lord Lowther) is worked at 
Great Langdale, and is known as the " Thrang Crag 
slate quarry." Whinstone or Whmtin (a slaty flag- 
ging, containing a small proportion of mica), ai 
slate is also procured from the north western moui 
tains. The dark gray limestone of Winderme 
and its vicinity is quarried for lime, chimney piecf 
&c. ; red felspathic granite, and another variety, mu< 
harder, and of a green colour, occurs at Wasdal 
The specific gravity of Westmoreland slate vari 
from 2797 to 2732 ; it is blasted from the quarri 
in large masses, and afterwards split and dresse 
chiefly by hand.* 

Yorkshire. 

Yorkshire contains, 1, Coal. 2. Millstone gr 
3. Carboniferous limestone. 4. Trap. 5. Mou 
tain and magnesian limestones. And, 6. Claj/s ai 
crag. Building materials may be obtained as f( 
lows. Quarries of ireestone and millstone grit a 
to be foimd at and near Gatherley Moor, ne 
Bichmoud, Benton near Boroughbridge, west 
Sheffield, Penistone, Huddersfield, Bradford, Otle 
Harrowgate, Bipley, Masham, Rainton quan 

* A particular account of the sevtral varieties of slate, with the mi 
of vorking die quarries, machinery for cutting dale, &c., will be fou 
in the second part of the "Treatise." 
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Pateley quarry, Moorstone quarry, all within a few 
mil^ of Ripon. Quarries at Bramley, Mexborough, 
Holton, Kirby, Leeds, Idle, and Sheffield ; all these 
are quartzose grits. Magnesian limestone quarries, 
Brodsworth, Quarry Moor, Ripon, and at Doncaster. 
Mountain limestone quarries — Roach Abbey and 
near Richmond, &c.* Limestone and marble are 
also found in the Western Moorlands. A roofing 
fli:^ slate (siliceous) is dug near Wensleydale. 
Lias is sufficiently near to be procured for lime. 



Lancashire. 

Lancashire contains, I. Coal. 2. Millstone 
grit. 3. Mountain and magnesian limestOTies. 4. 
TVewj red .sandstone. The quarries of freestone 
are situated in that part of the county south of the 
sands. Flagstones are also raised in the same 
district. Blue slate quarries are most numerous 
in the northern parts of High Fumess. 

* The prices of Hoche Abbe; and BrocUworl]i atone for the preBcnt 
year, IS39, are ae follows :— ' 

Rocbe Abbe; (best) 16 to 18 peace, per foot cube-. 

Ditto (inferior) 12 to H ditto ditto ^Shipped at 

Brodtworth (best) 12 pence ditto i Doncaster. 

Ditto (inferior) S ditto ditto ) 

There are several other limestone qnarries in the vicinity of Roche 
Abbey and Brodsworth, but the blocks of stone procured from them 
are of inferior dimensions. The best Roche Abbey stone is not much 
inferior to white marble in cloaenesa of grain ; it is consequently well 
adapted for Monumental works, carving, &c. 
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Anglesea contains, 1. Gneiss. 2. Micas 
3. Granite. 4. Coal. 5. Old red sandstone. 6. 
boniferous or movnlain limestone. 7. Trap. 
8. Clay-slate. 

The quarries of the Isle of Anglesea havi 
nished a crystalline limestone, which appears 
adapted for architectural facades ; its use, hov 
has as yet been very limited, arising probably 
the expense of carriage or freight. The most 
edifice erected with this material is the Birmin: 
Town Hall. 

Caernarvon. 

Caernarvon contains, 1. Graywacke. 2. 
3. Gtieiss. And, 4. Mica schist. 

The great bulk of building materials em[ 
in this country is derived from calcareous 
siliceous deposits. The peculiar nature and 
jjpsition of the primary rocks prohibit their en 
ment for the ordinary purposes of buildiuj 
England, therefore, the supply drawn from 
sources is almost exclusively confined to granil 
slate. The county before us, Eind most otb 
the principality of Wales, exhibit these form 
in considerable grandeur ; we accordingly tal 
opportunity to offer a few general remarks ( 
structure and composition of the primary sysi 
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rockBj or at least such of them as appear to com- 
mand the particular attention of the engineer. The 
primitive rocks are, by geologists, usually classed as 
follows: — 1. Granite. 2. Qneiss. 3. Mica slate. 
4. Clay-slate. 5. Primitive limestone. 6. Primitive 
trap. 7. Serpentine. 8. Diallage rock. 9. Porphyry. 
10. Qttartz.* 

The constituents of common granite will be 
found in the sixth chapter of this Treatise ; on this 
subject it is only necessary to add, that the propor- 
tion per cent, of oxygen contained in this substance, 
and the particles of which it is composed, according 
to Mr. De la Beche, are as follows: 100 gTanite= 
62 metallic bases + 48 oxygen. 100 quartz = 
48.4 metallic + 51.6 oxygen. 100 felspar = 54 
metallic bases + 46 oxygen. 100 mica = 66 me- 
tallic bases -I- 44 osygen.f (See De la Beche's 
Geol(^cal Manual, 2nd edition.) 

According to its locality, granite is known by 
various names; thus in Cornwall it is usually called 
** moorstone" (Smeaton) ; in Scotiand, whiostone or 
sandstone (Jamieson), while among antiquarians the 



■ " Jamieiou'B Mineralogy." For an account of the aub^viuons 
of these lockB and othei geological information eoDcernbg them, the 
mader is alio refeired to that work; " Philip's Treatise on Geology," 
vol. L ; and " De la Beche's Geological Manual." 

\ Quart* is a compound of a metallic basis, tSiaam, and the air or 
gas oxygen. Felipar is a compound of n&otuni, calcium, potatmm, &c., 
each united vith its own proportion of oxygen. Mica is a compound 
of mUdtm, potaman, magnemvm, calcium, &c., similarly combined with 
oxygm. (Philips's Treatise on Geology, vol. i. p. 31.) 
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term granite has been applied to every rock poseess- 
ing a granular structure. Popular opinion has con- 
ferred upon this material a character for dure 
exceeding every other kind of stone ; it is nevert 
subject to rapid disaggregation and even dec: 
proportion to the quantity and quality of its c 
tuents. From numerous observations derived 
chemical and mechanical experiments, it a| 
that the particles of granite moBt acted mpt 
the atmosphere, are those which form the 
mass of its composition, namely, felspar. 

In judging the quality of a building sto 
may rest satisfied that the greater the quani 
alliaceous or earthy matter contained in : 
more certain and rapid will be its decompoi 
Felspar appears to be a substance of an ean 
argillaceous character ; thus, if we finely pulv€ 
portion of felspar, and add a small portion of 
to the powder, we produce a paste forming a t 
ble substitute lor clay;* and it has been remai 
that clayshie " is not very distinct, chen 
speaking, from decomposed felspar which hs 
or changed the condition of its potash by the < 
tion of water." " Hence," continues Mr. PI 
" mider particular circumstances (which peiir 
access of alkali and great heat) that blue si 
actually transformed to white and glassy cryai 



• See " Philipt's Treatise on Geology," p. 124. 
t Ibid. 
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•^K felspar ■" this discovery was made by Mr. 
arcourt, of Yorkshire. 

tiough this granitic compound is, per se, 
premature decay, it cannot be denied that 
rocka offer greater resistance to the action 
mosphere than most others. The difference 
ty observable in granites is very striking ; 
je grained granites of Devon and Cornwall, 
d with the finer grained and harder kinds of 
a,exhibit a difference of strength of 14 to 22.* 
: strength of granite depends, first, upon the 
)n of its constituent parts ; and, secondly, 
e chemical state of those particles. The 
!nts of Herm granite (sienitic) are felspar, 
ind hornblende, with a very small quantity 
mica ; the whole being in a highly crystal- 
i. The Brittany granites generally contain 
jrable quantity of mica, which, from its fra- 
ure, or want of cohesion, deteriorates the 
)f the stone; the Guernsey granites are tole- 
% from this substance, A black granite, 
ed near London for mending the roads, is 
wholly composed of black masses of mica ; 
snite of Malvern, red felspar predominates, 
the Dublin gi-anite, white opaque felspar, 
ed with a moderate quantity of black mica, 
:hief constituents of the mass. 

practical application of these varietiei, the etudent u 
Waterloo Bridge; the ballustrades are formed out of the 
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These varied proportions and qualities 
compounds create a very sensible difference 
quality of the stone ; thus, in the sienitic grs 
Herm the absence of micaceous particles give 
to hornblende, which is hard and crystallized ii 
prisms (Lukis, Trana. Inst. C.E.), thereby ii 
ing the specific gravity of the stone. In the 
granites, the felspflr is mostly opaque ; in'tbe 
granite it is crystallized and partly transpare 
the Dublin granite, the opaque felspar is th 
prevalent ; and in some of the English vi 
. exists in large cubical masses : again, in most 
granites the quartz is comparatively small in 
tity, but in the harder and more durable va 
both quartz and felspar are abundant, and 
parent or crystallized. 

With these facts before us, it is not diffi 
arrive at just conclusions respecting the qui 
this material ; but in the event of any doubts 
in the mind of the reader, we refer him to t 
volume of the Transactions of the Institution c 
Engineers, in which will be found a paper d 
ing a series of important experiments on 
kinds of granite, made under the direction 
late Mr. Bramah. 

Among these experiments, we find 
cubes of Herm granite (4x4x4) weighing 
6 oz. were fractured with a mean press 
4.77 tons upon the superficial inch, and 
crushed with a mean pressure of 6.64 tons pi 
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iupeT6ciBt,while the remaining specimens, consisting 
of Aberdeen (blue), Haytor, Dartmoor, Peterhead 
(red), and Peterhead (blue gray), declined gradually 
in strength, the two cubes of the last specimens 
weighing 5 lbs. 3^ oz., and 5 lbs. 4 oz., being frac- 
tured with a mean pressure of 2.86 tons upon the 
inch superficial, and crushed with a force of 4.36 
tons upon' the inch. For the loCality of the prin- 
cipal English granites, the reader is referred to the 
account of the counties of Cornwall and Devon. 

The constituents of mica schist and gueiss are 
analogous to those of granite, but arranged in . 
laminae; the former is of a slaty structure, composed 
of continuous sheets of mica, with grains of quartz : 
quartz rock and primary limestones are also inter- 
posed among the beds of mica schist (Phillips). 
Gneiss accompanies mica schist; its composition is 
very similar to granite, but the mica is disposed in 
patches, and occasionally much contorted, instead 
of- being disseminated throughout the mass as in 
common granite. 

These rocks are not generally suitable for 
building materials, and being sparingly exhibited 
in England, do not demand the attention of the en- 
gineer; we may, however, remark, that an assem- 
blage of grains consisting of quartz, schist, felspar, 
and particles of mica, Sec, agglutinated with a va- 
riable cement, form the "psammites" of Mr. Vicat. 
Those, he observes (p. 46, Treatise on Cements), 
are the most important which are slaty, of a yello'w, 
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red, or brown colour, fine grained, unatuous to the 
touch, producing a clayey paste with water. These 
belong to the primitive schistose formations, and 
cannot exist except in «/m, being found in " bedfl or 
veins, forming partrof the schist of which they are 
merely a decomposition." 

In the composition of mortar, the schistose 
sands or "psammites" are feebly energetic,* namely, 
causing the mortar to set from the tenth to the 
twentieth day, and that acquires the hardness of dry 
soap after a year's immersion. Acid will act upon 
the cla^ of these sands, causing it to yield after 
maceration a portion of iron, a||^ from -^^ to f of its 
alumina. 

The clay-slate and graywacke system exhibits 
a series of fine and coarse grained argillaceous, in- 
durated, fissile rocks and sand, with conglomerates 
and limestone bands ; the subdivisions consisting 
of dark flag-like slates, limestone, green slate frag- 
mentary rocks, and dark soft slate. The tran- 
sition limestone of Plymouth is associated with 
the graywacke series ; it is a variegated limestone, 
having a splintery fracture, but, like most calcareous 
rocks, is not proof against the action of water and 
marine animals (vide the Plymouth breakwater) ; 
graywacke, beisaltic trap, &c., are not to be recom- 
mended for engineering works, where other mate- 
rials may be readily obtained. 

'.Pure sands an inert tubatoncca. (Ser Vicat on Cements, by 
Smith.) 
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SiluriaH rocks* (Murchison), The Ludlow 
rocks consist of beds of sandstone shale and lime- 
stone, with the following subdivisions : — 1. lami- 
nated sandstone (Upper Ludlow rock). 2. lAme- 
stone (Aymestry limestone). '3. Sand shale and 
clay, with concretions of earthy limestone (Lower 
LudUm rock). 

The Wenlock and Dudley rocks consist of 
strata of limestone and shale, with the following 
subdivisions, 1. A mass of highly concretionary 
gray and hbie sub-crystalline limestone (Wenlock 
and Dudley rocks). 2. Argillaceous shale, liver 
and dark gray cofpured, rarely micaceous, with 
nodules of earthy limestone (Wenlock and Dudley 
shale). 

Horderly and Mayhill rocks. Conglomerates, 
sandstones and hmestones. Subdivisions. 1. Thio 
bedded impure shelly limestone ; and finely lami- 
nated, slightly micaceous greenish sandstone. 2. 
Thickly bedded, red, purple, green, and white free- 
stones ; conglomoritic quartzose grits, sandy and 
gritty limestones. 

Builth and Llandeilo rocks. Beds of dark co- 
loured flags, mostly calcareous, with some sand- 
stone and schist. We now proceed to complete the 
enumeration of the Welsh counties, and the index to 
the foregoing classes of rocks and strata. 

• This claBsification ia from J. and C, Walker's elaborate and 
beautiful "Geological and Railway Map of England," &c., recently 
publiijiied. 
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Denbigh. 

The county of Denbigh contains, 
slate. 2. Graywache. 3. Silurian rocks 
ders on the carboniferous limestone. m 

Flint. 

The county of Flint contains, 1. Cha, 
stone grit. 3. JVeiv red sandstone. 4 
rocks. 5. Trap. And, 6. Carboniferou 
and lias, near the detached part of the coi 

The parish of Whiteford in this count 
a stratum of valuable bituminous limestc 
iumishes a lime of great strength, and 
state of hydrate, will rapidly harden un 
(Seep. 114). 

Merioneth. 

The county of Merioneth contain 
graywacke. 

Montgomery. 

The coiinty of Montgomery containi 
2. Trap. 3. Clay-slate and graywacke. 
rian rocks. And, 5. Old red sandstone. 

Cardan. 
The county of Cardigan contains, 1. 
Millstone grit. 3. Silurian rocks. And 
red sandstone. 
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Radnor, 
The county of Radnor contains, 1. Trap. 2. 
Clay-slate.- 3. Silurian rocks. 4. Oraywacke. And, 
5. Old ref^andstone. • 

Brecknockshire. 
Brecknockshire contains, 1. Old red sand- 
stone. 2. Silurian rocks. 3. Clay-slate and gray- 
wacke. 4. Carboniferous limestone ; and skirts the 
coal of Glamorganshire. 

Caermarthen. 
The county of Caermarthen contains, 1. Si- 
lurian rocks. 2. Clay-slate and graywacke. 3. 
Coal. 4. Old red sandstone. Andy 6. Carbonifer- 
ous limestone. 

Pembroke. 

The county of Pembroke contains, 1. Clay- 
slate and graywacke. 2. Coal. 3. Trap. And, 4. 
0/(i rcrf sandstone. 

Glamorgan. 
The county of Glamorgan contains, 1. Coal. 
2. Millstone grit. 3. <?• rcrf sandstone. And, 4. 

The lias beds of this county furnish the material 
from which the celebrated Abertkaw lime is made. 
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Monmouth. 

The county of Monmouth contains, 1. S 
rocks. 2, Coal. 3. Old and new red san 
And, 4. Carboniferous limestone. 

For local purposes, the geological format 
the Welsh counties may supply abundant m; 
for engineering operations ; but the peculiar < 
sition of moat of these deposits renders ther 
paratively useless in any other distfict, parti 
when it ia remembered that great facilities ai 
afforded to the engineer in obtaining the mor 
able and workable materials of the calcareo 
cEirboniferous series. 

Cheshire. 
The county of Cheshire is mostly occu[ 
the new red sandstone formation. The sani 
of this formation are generally of a red coloi 
not micaceous (Phillips). The subdivisions 
of marl, red sandstone, and conglomerates i 
The sandstones consist of a great diversity of c 
and, from this circumstance, the entire formati 
received the name of " variegated sandstone," 
ter sandsteiji," (Werner); and " red rock,' 
ground," and '^ red marl," of other geologists 
new red sandstone ia thus described by Mr. 
in a paper on " The Wrekin and the Grea 
Field of Shropshire" (Geol. Trans., vol.i. p. 1 
" This rock consists, for the most part, of rati 
grains of quartz, with a few spangles of m; 
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mented by clay and oxyde of iron. Its colour is . 
generally brownish red, and it has but little cohe- 
sion, on which account, large tracts of loose deep 
sand are found in many parts of it. Sometimes it 
occurs nearly of a cream colour, and is then suffi- 
ciently hard to form an excellent building stone. It 
does not effervesce with acids, and, to the best of 
my knowledge, never contains shells or other or- 
ganic remains." 

The arenaceous deposits of the new red sand- 

t stone system exhibit considerable diversity of cha- 
racter ; thus, at Kirkby-Stephen, the deposit con- 
tains a brecciated rock, with limestone fragments ; 
at Nottingham, a pebbly conglomerate ; at Runcorn, 
one with few pebbles ; at Penrith Beacon, a coarse 
red grit ; a fine kind, suitable for building, at Meri- 
den-hill, near Coventry, and colour, white or green 
(Warwickshire).* Although the new red sandstone 
is not generally applicable for building, yet, in some 
districts, a very suitable and durable kind may be 
obtained. The principal quarries in Cheshire are at 
Runcorn, Manley, Peckforton, and adjacent places. 
Buildings constructed with this material may 
be seen on the Liverpool and Manchester Railway ; 

^nd a fine section of the rock, showing its peculiar 
vertical fissures,' may be examined with advantage 
at Olive Mount, the deep rocky cutting near the 
entrance of the Liverpool Tunnel. Stockport church, 
Cheshire (Basevi, architect), is mostly built with 

• Philips's " Treatise on Geology," p. 1S4. 
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Runcorn stone ; and the bridge over the Dee, at 
Chester, by Harrison, is faced with a light-coloured 
stoAe from the quarries of Manley and Peckforten. 
The two courses of arch stones in the river abut- 
ments of Chester bridge are of Scotch granite 
(Craignair) ; the key course, with one on each side, 
and the quoins all through, are of Anglesea and 
similar limestone, from Wagbur quarries, at Burton, 
in Kendale. The tower of Kenton, in Devonshire, 
is also constructed with a durable stone belonging 
to the red sandstone ^ries.* The unsightly and 
rusty appearance of some of the worst varieties of 
this stone, may be seen iu many old buildings in the 
ancient city of Chester, including the cathedral. 

The student should he informed that, in this 
country, the new red sandstone is always associated 
with the rock salt and gypseous deposits, hence the 
name, " saliferous." The limestones associated with 
the new red sandstone exhibit considerable variety ; 
their colours are whilfi, gray, smoky, yellow, and 
red (Phillips), often containing much magnesia, 
hence their ^^e, " magnesian limestones." The 
texture of these calcareous beds are oolitic, cellular, 
granular, powdery, and, in Nottinghamshire, granu- 
lar and crystallized. 

Derby. 
Derbyshire contains, 1. Coal, consisting of al- 
ternations of coal, sandstones, shales^ and ironstone 
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beds. 2. Millstone grit, namely, qttartzose grits 
with shales, coal, ironstone, &c. 3. Carboniferoits 
or mountain limestone, namely, limestone either in 
one mass or divided by shales, gritstones, ironstones, 
and coal. And, 4. Trap.* A description of the 
carboniferous limestone will be found in Chapter 4 
of this Treatise. 

Mr. Farey, in his "Agricultural Survey of 
Derbyshire," enumerates forty-six limestone quar- 
ries in this county, and sixty-three lime kilns, from 
whence great quantities are conveyed and sold in 
this and some of the neighbouring counties. The 
largest quarries are at Ashover, Buxton, Crich, and 
Calver, near Barslow. A considerable quantity is 
sent from Calver into Yorkshire, and from Buxton 
into Cheshire and Staffordshire. The marble quar- 
ries are nineteen in number, and are situated near 
Bakewell and Matlock. The number of stone quar- 
ries are one hundred and thirty-eight, in some of 
which an excellent building stone may be obtained. 
The best quarries for this kind of stone are situated 
in the parish of Wingerworth. Alttstoue grit is 
obtained from nineteen quarries ; and other finer 
kinds of sandstone from thirteen quarries. The best 
quarries for the latter are at Codnor Park and 
Woodthorpe.t The sandstones of the carboniferous 
series are amply described under the head " Nor- 
thumberland." 

• The mi^nesian limestone is adjacent to the county, 
t Farcy's "Survey of Derbyshire." • 
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N^otti7tc/?iam. 

The county of Nottingham contains, 1. New 
red sandstone. 2. Magnesian limestone ; with coal 
on the Derby side'and lias on the Lincoln side 

The prevailing deposit in this county i 
new red sandstone, already described. Limesti 
burnt in rarious parts of the county, both 
the lias and magnesian deposits ; from the fo 
on Beacon-hill, near Newark. The quarries ft 
best building and paving stone are situati 
Mansfield, Maplebeck, Beacon-hill, and at Lin 
few miles to the 30Uth,-west of Mansfield.* 
new red sandstone of this county is mostly of a 
and Iriable texture. 

JAncolTiskire. 

The county of Lincoln contains, 1. Ckall 
Green sand. 3. Upper, middle, and liywer i 
4. Lias ; with much marsh or fenny land, 
materials peculiar to these ft)rmation8 will be I 
noticed under the several counties where the ft 
tions are more lai^ely developed, namely. Si 
Sussex, Kent, NorthamptonahiTe, Sec. It mi 
observed, however, that the lower chalk beds 
a ferruginous or red stain."!" 

The strata immediately under the Lincoli 

" "Agricultural Survey." 

t A similar variet]' exists in the East Riding of Yorkshin 
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chalk 19 described, by Mr. Bo^,* as consisting, 
first, of a coarse, ferruginous, pebbly, quartzose sand. 
Secondly, a stratum of oolitic limestone and calca- 
reous clay, in nearly eqi^al proportions. In certain 
parts of this bed, the clay divides the seams of stone 
into regular strata. The next stratum is that of a 
quartzose sandstone of different shades of colour. 
Notwithstanding these indications of strata capable 
of furnishing building materials, Lincolnshire does 
not possess any of sufficient importance to merit the 
attention of the engineer. 

The «oil of the Louth marshes consists of un- 
stratified clay and sand, under which is the chalk ; 
but a considerable denudation has been effected in 
Lincolnshire, whereby the upper oolitic beds have 
been removed. In consequence of the vast extent 
of fenny land in this county, the foundations of 
many of the oldest buildings rest upon piles; pro- 
bably the earliest English examples of this mode of 
constructing foundations. 

Rutland. 

The county of Rutland contains, 1. Lower 
oolite. 2. Lias. 

This county does not supply any building 
materials worth the particular attention of the en- 
gineer ; but its situation with respect to other coun- 
ties, furnishing an ample supply of stone, lime, and 
brick, is such, that no difficulty is likely to arise 

* Mr. Bogg, "On the Lincolnshire Wolds." Geol. Trans., vol. iil.p, 394. . 
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from the want of materials in the immediate locality. 
The ferriTginous sandy beds of the lowe: 
series supply calcareo-siliceous materials, wh 
formerly much employed in some of the a^ 
counties. The materials derived from thf 
are veiy inferior and unsightly for arch 
purposes.* The sandstone series is genera] 
rated from the great oolite by a thick clay 
beare). 

J,eicester. 
The county of Leicester contains, 1 , 1 
New red sandstone. And, 3. Sienitic gram 
and graywacke of Mount Sorrel. Roofing 
quarried at Swithland, east of Charnwoot 
The principal limestone quarries, are at 
Cloud-hill, and Barrow-upon-Soar. Freei 
the new red sandstone species, is found 
parts of the county, also brick earth, 
granite is quarried at Mount Sorrel ;_ much 
used for metalling the roads. 

Stafford. 

The county of Stafford chiefly conta 
red sandstone and coal. The quarries siti 
this county are very numerous. Excelle 
stone, mostly derived from arenaceous de] 
quarried largely. Tliere are several quf 

* Tlie old buildinga in and about Northampton, Baiibu: 
built with HtoDc procured from tlie strata alluded to. 
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Gornal, Bilston, Sedgley, Tixall, Wrottesley, Bre- 
wood Park, Pendeford, and the Rowley-MllU. Tlie 
Btone from the latter place is much employed for 
paving ; it is called Rowley rag-stone, and is found 
in heaps similar to the *' stone shatter," or Kentish 
rag. In the neighbourhood of Tamworth there are 
several quarri^, within a mile and a half of each 
other, from which is raised a durable building stone, 
provincially termed " whinstone." The railway 
viaduct now building at one end of Tamworth, is 
being constructed with this stone. The viaduct 
crosses the Tame river and two roads, and rises to 
an elevation of twenty feet above the town, and 
consists of eighteen square apertures of thirty feet 
span each, and a skew arch of sixty feet span. The 
stone is a grit of fine texture, and brownish colour. 
The quarries for this stone are at Dost-hill and 
Stokes quarry, Amington. Limestone abounds in 
this county. Extensive lime works are situated at 
Caldon Low and near the Weaver-hills. Brick 
earth of good quality is excavated in many places. 
The limestone marble peculiar to this county is 
valuable, but not of sufficient importance (to the 
engineer, at least) to require further notice. 

Salop. 

Shropshire contains, 1. Coal and Trap. 2. 
New red sandstone. 3. Lias. 4. Silurian rocks, 
5. Old red sandstone. 6. Magnesian lim^tone. And, 
7. Carboniferous limestone. 
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Shropshire presents abundance of materials to 
the notice of the engineer, but the limits of this 
Register will only permit the enumeration of the 
principal quarries. 

In addition to the limestone near Oswestry and 
Chirk, a long range of stony strata (silurian) ex- 
tends from Colebrook Dale, by Weolock, to Lud- 
low. The most extensive lime works are at LiUe- 
shall. Limestone quarries are worked at Steiraway ; 
and lime and stone may be obtained in the Clee- 
hiUs, and, to a limited extent, in the south-western 
districts. At the eastern extremity of the "Wrekin, 
and at some other lime works, a red lime of the 
hydraulic kind is made. The best lime of this 
county is made from the limestone of the lias beds. 
The principal sandstone quarries are at Grimshill 
and its neighbourhood, near Bridgenorth, Orton 
Bank, parish of Bettws (stone slate), on the south- 
western verge of the county ; Cooudon hill (flag- 
ging), Swinney quarries, near Oswestry; Bowden 
quarry, in the hundred of Munslow and Soudley 
(flagging), in the parish of Eaton and franchise of 
Wenlock. The principal hills are, I. Lawley-hill, 
a kind of granite and loadstone. 2. Caer Caradoc- 
hill, schktus. And, 3. The Wrekin, chiefly com- 
posed of reddish chert and quartz. The Oswestry 
hills are a coarse-grained sandstone.* 

' Leiria's Top, Die. The atudent is also referred to an elaborate 
paper " On the Wrekin and od the great Coal Fields of Shropehire," 
by Arthur Aikin, Esq. Geol. Tr«i»., vol. i. p. 191. 
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Hereford. 

Herefordshire contains, 1. Old red sandstone. 
And, 2. Silurian rocks. 

The greater portion of this county is occupied 
by the old red sandstone formation ; this deposit, 
therefore, will now demand our attention. The 
old red sandstone consists of " beds of sandstones, 
conglomerates, clay, and concretionary limestone of 
various colours, but mostly red ;" the subdivisions 
consist of quartzose conglomerates and sandstones, 
coloured marls, concretionary limestones, and flag- 
stone series (Walker — map). This sandstone is 
generally of a dirty iron-red, or dark brown, occa- 
sionally passing into gray ; it rests upon graywacke 
rock, into which it passes insensibly ; it is mica- 
ceous, coarse-grained, and apparently constituted of 
abraded quartz, felspar, and mica ; it alternates with 
ai^llaceous beds. Subordinate to it are some un- 
important beds of limestone. In general appear- 
ance it approaches to the sandstones of the millstone 
grit series (Conybeare, " Geology of England and 
Wales," p. 362). The limestone beds below the 
surface near Snodhill castle, were originally worked 
for the kind of marble they afibrd ; the marble (red 
and white) is said to have been in much estimation 
during part of the seventeenth century. In addition 
to the quarries of red sandstone* distributed through- 

* Itisobaetved (Brande's Journal, vul.iii.p.361), that "the fiUieBs 
of the difTerent spectee of sanddtone for the purpose of building, iiinj, 
in a great measure, be judged of by immeraiiig the specimeDs in water, 
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out the county, an inferior kind, called " dunstone," 
is alao quarried. Much of the limestone of this 

each being previously weighed, and all of one size, the excellence of 
the stone will be iDverselj to the quantity of water absorhed." A 
peifect analyeia ia, however, for many re as on b, to be preferred. The 
inoBt perfect one that has fallen under the notice of the author, ia accu- ' 
rately described in No. 13 of the "Civil Engineer and Architect's 
Journal." It is a translation from the German of Dr. Buehner, profes- 
sor in the University of Vienna. The following is the method, extracted 
from the "Journal ;" — 

" A piece of gray sandittone weighing 30| ounces, v as laid in distilled ' 
water for twenty-four hours; and on being taken out and weighed, it 
was found to have increased six gruns, hardly two per cent., thus - 
affording a good proof of its closene»8 of fonnatiou.dind small power of 
absorpUon. The water in which the stone had been laid was evaporated 
to an ounce, and a yellowish residuum was obtained, which, on being 
But|jpcted to reagents, was found to consist of sulphate of lime and 
sulphate of soda, mixed with o^^nic matter. Apiece of the sandstone 
was pulverized, and lOd grains of it treated with muriatic acid, and a 
partial dissolution effected by the development of carbonic acid gaa. 
The remaining acid having been renewed by evaporation, the residuum 
of quartz sand was washed and cleaned with warm water, and found to 
weigh 57 grain B. The muriatic residuum waa subjected to nitrate of 
ammonia, whereby alumina was produced, with a portion of oxide of 
iron. It weighed, on careful trial, 31 grains. The solution filtered 
from the aluminous precipitate was treated with oialic ammonia, to 
produce depoMtion of the lime, which was exposed to the iire, to 
convert the oxalate of lime into carbonic acid gas, and by which 34 
grains of carbonate of lime was produced. The fluid filtered from this 
was acted upon by phosphate of natron, and a ptecip^Pe of phosphate 
of ammonia and magnesia appeared, which, by heat, was reduced to 
neutral phosphate of magnesia, which was calculated as 13 per cent 
of carbonate of magnesia. The composition of the stone was, 
consequently, — 

Quarti 57 

Alumina 3.S 

Carbonate of lime 24 

Ditto magnesia 13 

Lobs 2.5 

100 
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"nty being argillaceous, bums to lime of good 
Jity. . 

Worcester. 

The county of Worcester contains, 1. Xaos. 2. 
w red sandstone. And, 3. Siemtic granite (Mal- 
a hills). 

In Worcestershire, Bath stone and lias lime is 
msively used ; but the building materials in the 
nediate locality consist of sandstone of the new 
formation^ and limestone of the lias and Silurian 
s. Lime'and limestone is procured at South 
leton, Witly, and Huddington. Quarries of cal- 
lus flagstone (lias) are worked in the val* of 
isham, in the parish^ of Badsey, Three Little- 
i, and Prior's Cleeve. Lias limestone is also 
rried in the vicinity of Stoke Prior. The Mal- 
Q sienite is occasionally used for metalling the 
is. The bricks manufactured in the county are 
1, and of a bright red colour. 

Warwick. 
The c|«nty of Warwick contains, 1 . Coal. 2. 
w red sandstone. 3. Lower oolite. And, 4. lAas. 

From these results it was proved ihat the sandslooe of Waakirchen 
I good building material, and fully capable of resisting the efTecls of 
id water, aa its component parts neie oot liable to decomposition, and 
xture did not admit the introduction of their mechanical force. It is 
nt that it is only by such trials that the true qualities of materials are 
ascertained, as mere mechanical action, or a trial of temperature. 
Is no criterion of the chemical constituljon by which injuries of 
tier are caused." 
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Freestone quarries of the oew. red sandstone and 
Has formations are to be found near Warwick, Lea- 
mington, Kenilworth, Coventry, &c. Limestone 
quarries are also situated near Bearley, Grafton 
Court, Stretton, Princethorpe, Upton, Harbujy, 
Wilncote, Bidford, Newbold-on-Avon, and on the 
borders of Oxfordshire and Leicestershire. Blue 
fia^tone (lias) is quarried at Bidford and Wilncote. 
A ferruginous sandstone is to be met with at 
Oldbury and Merevale. 

Other kinds of stone' are used in this county, 
namely, Gomal stone (prices, 1838), Is. 4^. per 
cube foot; Wharton stone. Is. 3d. ; blue stone, for 
paving, lOd. to Is.; Bath stone, 23. 9d. ; Painswick 
stone, 3s. Bricks (red), 23s. to 36s. per thousand, 
according to distance. 

Northampton. 

The county of Northampton contains, 1. Lias. 
2. Lower oolite. Building stone is raised at Brack- 
ley Kingsthorpe, near Northampton. Stone slate, 
or thin flagging, is dug at Collyweston, near Stam- 
ford. The oolite called " Ketton stone " is found 
near Stamford, and quarried there. The lime of 
this county is mostly of the lias kind, and "ia quar^ 
ried on the western side. 

The older buildings of the county have been 

constructed with the msty_ sandstone from the upper 

beds of the lower oolitic series. The bricks are of 

two kinds, red and light-coloured; many of the 

c2 
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e procured .from the borders of Himting- 



HuntiTigdon. 

itingdonshire contains, 1. Green sand. 
", middle, and lower oolite. 
:oDsiderable quantity of the stone used in 
nty for the finer purposes of building, is 
rom the Ketton quarries (oolitic), near 
i ;* the inferior kinds of stone (car stone, 
1 stone) are procured from tlie iron sand ' 
fone of the beds between the chalk and 
and the sandy beds of the lower oolite. The 
rth of this and some other of the midland 
is micaceous, and belongs to the beds be- 
e chalk and oolites. The bricks are of two 
§ht and red coloured. 

Cambridge. 
nbfidgeshire contains, 1. Chalk. 2. Green 

e principal building materials supplied by 
Qty are, 1 . An excellent light^coloured brick, 
sm the gault or clay. And, 2. K lime made 
inch, a calcareous substance found in large 
principally in the parishes of Burwell and 
It is also used as a fire-stone. 

)od example of its application in the Metropolis, may be seen 
Si. Dunstan's church, Flecl-streel. 
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The geology of Cambridgeshire is, in many 
respects, very interesting. An able paper on the 
subject, by Professor Hailstone, is to 1)e found in 
the third volume of the Geological Transactions 
(1816), from which we give the following interest- 
ing extract, relating to the beds provincially termed 
" clunch :" — 

" These beds contain no flints, but, not uncom- 
monly, dispersed masses of the radiated pyrites, 
globular or kidney form. It is considerably harder 
than the common chalk, arid its colour is usually 
some shade of gray. It is well known in this 
county under the name of ' clunch,' and is the 
material from which the best lime is burnt. Some 
of the beds are hard enough to serve the purpose of 
building stone, and are quarried and shaped into 
blocks for that purpose. It also endures the fire 
well, and, like the Reygate stone in London, is 
much esteemed for the backs of grates, and other 
similar applications. This stone is dug in the 
greatest quantities at Reach, a small hamlet in the 
parish' of Burwell, situated on the skirts of the fen 
coyntry, precisely where the Devil's Ditch termi- 
nates in that direction. The excavations at this 
place are immense. Clunch, when burnt, affords a 
lime in such universal esteem, that the crude mate- 
rial is sent from hence, for that purpose, as far as 
Peterborough, and other distant places within reach 
of the, water carriage of that level district." 

The stone employed in some of the new build- 
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abridge is from the Whitby, Portland, 
and Ketton quarries. 

Norfolk. 

ounty of Norfolk contaiDs, 1. Crag 
n. 2. Chalk. 3. Green sand and upper 

i county the materials, with the excep- 
k, must be obtained from the adjoining 
■ brought coastwise from the principal 
es of England. 

ost ancient buildings in the counties of 
1 Norfolk, are constructed with flint or 
ills, and limestone (oolitic) or brick 



Suffolk. 

>unty of Suffolk contains, 1. Crag. 2. 
i phytic clay. 3. Ckalk. And, 4. Green 

respect to building stone and brick, the 
) above will apply also to this county ; 
!al deposit called " crag " requires a 
!ce. 

(tent of this marine deposit is not yet 
(Conybeare). The districts with which 
acquainted are the eastern parts of Nor- 
tuffolk, extending to "Walton Naze, in 
lis deposit consists of an heterogenous 
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mass of matter, 'namely, sand, gravel, blue and 
brown marl, and broken shells. In some places it 
assumes the character of a soft, stratified rock, com- 
peted almost entirely j>f corals, sponges, and echini ; 
in other parts it consists in alternations of sand and 
shingle, destitute of organic remains, and more than 
two hundred feet in thickness, as in the Suffolk 
clife, between Dunwich and Yarmouth (Lyell). 
The more consolidated portions are occasionally 
employed for ordinary building purposes, and quar- 
ries of it are worked at Southwold, and on the 
southern bank of the river Orwell, in Suffolk 
(Conybeare). 

The bricks manufactured in Siiffolk are from 
a light clayey loam ; they bum to a very light 
colour, and are much used for facings. 

Essex. 

The county of Essex contains, 1 . London clay. 
And, 2. Plastic clay. 

The materials supplied by this county chiefly 
consist of bricks of good quality, anA septaria, or 
English cement stone, procured from the Harwich 
cliffi. The peculiar nature of the London and 
plastic cl»ys, and the composition of septaria will 
be found duly noticed in the 1st and 5th chapters 
of the " Treatise." 

Much of the lime used in this county is pro- 
cured from Purfleet and Grays ; it is, also, occasion- 
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the whole of Mid- 
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t is more frequently 
of gravel, of consi- 
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tract lies in" the 

.nfy, and contains 

;t, extending along 
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clay districts are 
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With the exception of some very inferior sand- 
stone belonging to the upper beds of the oolitic 
series, the strata of Bedfordshire does not supply 
stone 6t for the purposes of masonry. Its contiguity 
to the counties of Buckinghamshire, Oxfordshire, 
and Northamptonshire will, however, enable the 
architect or engineer to draw his supplies with 
facility, should the materials peculiar to these coun- 
ties be considered suitable for the intended works. 
Lime and bricks may be procured on the borders of 
Hertfordshire. 



Suckingkam. 

Buckinghamshire contains, 1. Plastic clay. 
2. Chalk. 3. Chem sand. 4. Upper, middle, and 
lower oooliie. 

TKe first important development of the oolitic 
series of rocks is to be found in this counly, 
and from which the whole of the series may be 
successively traced, namely, through Oxfordshire, 
Berksliire, "Wiltshire, Dorset, Somersetshire, GIou- 
■cestershire, 8cc. 

The Aylesbury or Portland limestone first 
makes its appearance in that part of Buckingham- 
shire which lies west of the Grand Junction Canal. 
It forms the central and lower regions of a chain of 
hills capped by the Iron sand : at Brill Hill, the 
Portland beds rise nearly to the summit, having at 
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' " ilight covering of iron sand (Cony- 
lesbury limestone quarries contain 
f unequal quality, — ^namely, a fine- 
ite, a loose granular limestone, of 
id' of various shades of yellowish 

rarely, a compact cretaceous lime- 

conchoidal fracture (Conybeare). 
variety of the upper series (Port- 
illaceous variety.above the Portland 
cribed in the account of the Port 
L quarries. 

to the limestone quarries already 
Je was formerly quarried in tJiis 
IS found incapable of retaining a 

withstanding the efiects of the 
se has, therefore, been discontinued. 

.) ■ . , 

Oxford. 

contains, 1. Green sand. 2. Ckalk. 
and lower oolite, and is adjacent to 

system is more extensively deve- 
in in the former county, but the 
from the middle or coral rag divi- 
: series (the one under notice), are 
r description, being highly objec- 
iner purposes of masonry, and the 
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different beds (near Oxford and in Wiltehire) are 
exhibited in the following progression, commencing 
from the top. 1. A calcareous freestone of tolerably 
close texture, more or less oolitie, but full of commi- 
nuted shells, and passing into beds of a large oviform 
grain, forming the "pisolite" of Mr, Smith. The 
colour of these beds is of a yellowish white, becoming 
palest in the most oolitic, and passing occasionally 
into shades of light gray. This bed affords a tole- 
rable material for building, but is objectionable on 
account of its being traversed by lines of division 
oblique to the plane of stratification (Conybeare). 

Much of this stone has been used in the colle- 
giate and ecclesiastical buildings of Oxford, where 
the peculiar defect of its stratification may be ob- 
served in the scaling or peeling off of the outer 
sv4ace, after exposure to the weather : this stone 
contains a considerable quantity of sand. The coral 
rag immediately follows the bed of stone already 
described, and consists of a loose nibbly limestone, 
made up of several species of aggregated and 
branching madrepores; it is used for lime and 
mending the roads (Conybeare). 

The beds of coral rag form an elevated platform, 
rising on the south-west of Otmoor, and supports 
the still higher ridge (Portland beds and iron sand) 
which constitutes the summit of Shotover Hill. The 
quarries are situated on this platform, and are very 
numerous ; the principal quarries are those of Head- 
ington, two miles east of Oxford (Conybeare). 
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everal clajra * which divide the oolitic 
ire no further observation, than that they 
e engineer or builder an opportunity of 
a supply of bricks throughout a very 
iatrict in which limestone is abundant. 

GUyacest^. 

istershire contains, 1, Lower oolite. 2. 
Vew red sandstone. 4. Mountain lime- 
Old red sandstone. And, 6. Chal. 
ipper beds of the lower oohtic series 
lonsiderable quantity of lime and Ume- 
fi is much used in the Cotswold district. 
>al upper beds of this series (in Glou- 
are the corn-brash or corn-grit, forest 
nesjield slate, &c. The Com-brask is a 
f limestone, of a gray or bluish colour, 
lear the superincumbent clay, but on the 
wn and earthy ; it rises in flattish masses, 
! than six inches thick. It is not tit for 
«, excepting for lime and the repair of 
ys ; but at Malmesbury, where it is thick 
it is much quarried for building. It 
y be discovered by the red soil which 
ittends itf (Conybeare). 

irit or clunch day is a dark blue adhesire clay, containing 
iriieg iheliraeslone already deacribed, separating the iofe- 
ite from ihe fonner. 

here observe, ihal beds of forest marble are worked near 
ks), and at Marsh Gibbon, Ambrosden, Merton, and 
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The greatest thickness of the lower oolitic beds,* 
is exhibited in the r^nn tin nous chRin nf hills, known 
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tie clay. 2. Chalk. 3. Green sand. And, 4. Tke 

series. 

'he limestoae beds of the upper division of the 

aeries (Purbeck, Portland, and Kimmeridge 

are extensively quarried in Wiltshire. The 
pal quarries are at Fonthill, Tisbury, Chicks- 

and Chilmark. 

Ber^hire. 

(erkshire contains, 1. Plastic clay. 2. Chalk, 
een sand. 4. Upper and middle oolite. 
The building materials of this county are 
' bricks and chalk lime. The brick earth 
;8 to the plastic clay formation, and is exca- 
in considerable quantities at the Catsgrove 

near Reading, and other lai^ quarries of 
earth on Saint David's hill, west of Read- 
vhere this formation is about forty feet in 
less. (Buckland's Geology Trans, vol. iv.) 
•ed clay of Reading, on the north of the 
-back, and at East Horsley, is perfectly iden- 
rith that of Meudon in France ; nor has this 
' been found equaUy intense in any other clay, 
ricks made of this clay are of a bright Roman 

colour. (Conybeare, Geolog/ of England 
I'^ales, Notes.) 

!'he quarries of chalk in the neighbourhood of 
ng are extracted largely from under the sands 
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and clays, by meana of shafts and levels, to be burnt 
into lime (Buckland). 

Siliceous grit stones (called sarsdeh stones and* 
the gray weathers) are distributed in a loose state 
over tBe Berkshire and Wiltshire downs, and ap- 
pavtly, do not belong to the contiguous strata. 

Middlesex. 

The county of Middlesex contains, London and 
plastic clay. 

A particular account of the London clay will 
be found in the first Chapter of this Treatise, accom- 
panied by some sections of the strata. The first 
fifteen or twenty feet of the clay stratum is of a 
chesnut colour, but at a greater depth, changes to 
light blue; and filially, passes into a dull black. 
The upper stratum is generally used for bricks, and 
the lower ones for tiles ; either will answer the pur- 
pose for brick making, but the blue clay will bum 
to brick of a deep red colour. This may, however, 
be prevented by the admixture of a certain propor- 
tion of chalk with the clay (in a pug mill), which 
will then bum to a bright straw or ochre colour. 
The number of brick fields in Middlesex is consider- 
able. Immense quantities have been made at Hack- 
ney, Kingsland, City-road, Hounslow, Brentford, 
and Cowley, near Uxbridge. The bricks from the 
latter field are much valued, on account of their 
bright yellow colour, and general good quality. 
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Surrey. 

ogical formations which are developed 
. consist of the chalk, green seCnd, and 
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k division comprises, 1 . The upper chalk. 
r chalk. And, 3. The chalk marie. 
id division contains, 1. The upper green 
tng sand intermixed with green par- 
ite), indurated marie, and calcareous 
!. The gault, consisting of a series of 
inginto calcareous marie. 3. The lower 
)ntaining beds or strata of gray, yellow, 
sands, ferruginous sands, sandstones, 
id siliceous limestones. The Wealden 
''eald clay. 2. A ^ries of sand, sand- 
. and calcareous grits passing into 

iterial fiimished by this county, for 
or engineering purposes, is now chiefly 
le supply of lime for the use of the me- 
adjacent places; the best kind is that 
from the indurated chalk marie. 
as are situated at Dorking, Croydon, 
llesdown, Merstham, Guildford, Reigate, 
balton, &c. ; and the principal quarries 
f Croydon, Dorking, Sutton, Epsom, 
Bookham, Effingham, Horsley, Clau- 
xuildford, and Puttenham, on the north- 
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em side of the Downs; and those at Godstone, 
Catterham, Reigate, Merstham, Buckland, and 
Betchworth, on the southern side. 

The upper green eand division supplies a sand- 
stone which was formerly employed in important 
buildings, and we are informed that a patent of 
Edward III. exists, authorizing the working of the 
quarries at Gatton and contiguous places, for ' the 
supply of stone for Windsor Castle. Henry the 
Seventh's chapel at Westminster, and the church at 
Reigate, &c., also furnish examples of its employ- 
ment as a building stone. 

The older quarries are now abandoned, and the 
stone has been for some years past procured at 
Merstham. According to an examination made by 
Mr. Webster,* its constituents appear to be siliceous 
sand and mica, cemented by an earthy carbonate of 
lime, with a very small quantity of dark green par^ 
tides. Mr. Webster observes, that "this latter 
substance is not so abundant as is generally the case 
in the green sand formation, a glass being necessary 
to observe it, but it is never totally wanting." 

The stone from these quarries is very unfit for 
the purposes of masonry, in consequence of the car- 
bonate of lime contained in it being impregnated with 
earthy matter. If used without the precaution of 
drying, it soon falls to sand; but it may be employed 
with advantage as a ^re stone, or in such situations 
as may secure it from the attacks of the weather. 
■ See Geological Tiansaclions, vol. t. pari 2. p. 355. 
d 
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TTie calcareo-siliceous grits of the green sancl> 
formation vary considerably in their state of indura- 
tion : stone has recently been procureil from Leith 
Hill, about six mUes from Dorking, of a much better 
quality than the Merstham stone. The vUla of Mr. 
Spottiswopde, and some other buildings lately erected 
near this place, may be referred to as pnictical 
examples of its application. The bricks manufac- 
tured in the county of Surrey are mostly of a red 
colour, but are much inferior in quality to the gray 
stock of Middlesex, Kent, and other districts covered 
by the London clay. 

Fire bricks and tiles of good quality are ma- 
nufactured at Ewell, the materials being derived: 
from the beds belonging to the plastic clay formation, 
and, occasionally, blocks of an indurated sandstone 
are obtained from the deposit, called Bagsliot sand 
(upper marine formation), sufficiently firm for the 
purposes of masonry. These two latter deposits are, 
however, but feebly represented in the county of 
Surrey. 

Kent. 

The maritime county of Kent contains portions 
of the following formations: — 1. London clay. 2. 
Plastic clay. 3. Chalk. 4. Green sand. And, 5, 
Upper oolite. 

Building materials of the following kinds may 
be obtained with facility from various parts of the 
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county: — 1. From the London day, Septaria, or 
English cement stone, from the Isle of Sheppy ; 2. 
From the chalk, chalk marie ; Lime-kilns and 
chalk-quarries are situated at Greenhithe, Northfleet, 
Gravesend, Rochester, Chatham, Chevening, Dover, 
and at other places on the coast; 3. From the 
green sand, Kentish rag : the western part of the 
county of Kent is the principal depository for the 
Kentish rag-stone. The rock forms the sub-stratum 
of a soil, called hassock, or stone shatter, which is a 
mixture of sandy loam and fragments of the rock ; 
blocks of stone, of considerable dimensions, are fre- 
quently obtained within a few inches of the surface. 
This stone belongs to the lower green sand formation ; 
it is a calcareo-siiiceous grit, possessing a consider- 
able degree of induration, and is much used in various 
pai-ts of the county ; it is a substantial building stone. 
The beds between the chalk and oolites also contain 
sandstones of various kinds : at Penshurst, a tender 
ferruginous sandstone (from tbe iron sand formation) 
is quarried for building ; and in the neighbourhood 
of Tunbridge, a hard quartzose ferruginous stone is 
extensively employed; the latter is esteemed as a 
good weather stone ; 4. From the upper oolite. The 
argillo-calcareous beds of the oolitic formation, in the 
county of Kent, are occasionally worked for the lime- 
stones they afford, hut the stone is not sufficiently 
durable for masonry. The limestones of this series 
are subsequently noticed by the names of Petworth 
and Purbeck marble. The plastic clay formation 
d2 
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supplies brick earth and sands of excellent quality, 
immense quantities of stock and other bricks have 
been supplied to the London builders from the fields 
at Erith, Lewisham, Bromley, &c. 

Sussex. 

The maritime county of Sussex contains, 1. 
Chalk. 2. Green sand. And, 3. The upper division 
of the oolitic series. Tlie materials supplied by the 
chalk and green sand formations, are similar to those 
found in the coimties of Surrey and Kent. lime from 
the chalk marie may be procured at Lewes, Brighton, 
Shoreham, Worthing, East Grinstead, Rye, &c., 
and at many other places in the chalk district. The 
iveald of Sussex contains limestone, limestone marble. 
Sandstone, and ironstone. The ironsand deposit (one 
of the beds between the chalk and oolites) is laid 
open at Horsham, Hastings, &c., and produces a 
very durable sandstone. 

The groin work at Battle Abbey is of freestone 
belonging to this series ; it is also used for copings, 
and in the neighbourhood of Horsham this formation 
yields flagstones for paving.* The tender limestone 
called Petworth marble, is procured from the weald 
clay in the neighbourhood of Petworth ; its texture is 
earthy and friable ; the stone is therefore unfit for 
exposure. The quarries (with the exception of those 

• Conjbeare, Geof, of England and Wales. Nole»,p. 137. 
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near Kirdford and North Chapel, in Surrey) are now 
abandoned. 



Hampshire.* 

The county of Hampshire contains, 1. London 
clay. 2. Plastic clmf. 3. Chalk. And, 4. Green sand. 
The chalk hills cross the county from east to west. 
The chalk is quarried extensively throughout this 
district, and near the coast ; two kinds of lime are 
produced, one from the white and the other from the 
gray chalk ; the lime from the latter is equal to the 
Dorking lime, and is much used. The plastic clay 
and green sand formations of this county and the 
Isle of Wight produce sandstones and conglomerates 
available for building. 

The following varieties are ordinarily used as 
building materials. 1. Between Milton and Christ- 
church a ferruginous sandstone. 2. A porous grit 
or quarry stone, obtained from the northern foot of 
the Downs, and found in detached masses. 3. A 
XvieT'CoXonreAferrv^imus sandstone from the southern 
part of the island. 4. A calcareous grit from the 
marl pits eastward of Staples heath. 5. A close gray 
limestone procured from the northward of Arereton 
downs. 6. A marly variety of freestone. And, 7. 
Conglomerates, used for paving and flooring; these 
are procured in large quantities from near Sandown 

• The Isle of Wight contains the follow log forrpal ion. 1. Tresh toater 
bedt. a. PUutk clay. 3. Wealden. i. Green land. And, 5. Tht Chalk. 
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fort. Brick earth and potter's clay of excellent 
quality abound, in various parts of the county, and 
. ihe bricks from Southampton are a substantial and 
elegant material for building. 

Dorsetshire. 

The county of Dorset contains, 1. Plastic clay. 
2. Chalk. 3. Green sand. 4. The Oolitic series. 5. 
Lias. 

A considerable portion of the county ctf Dorset 
is occupied by the chalk formation and its accom- 
panying beds, above and below. The informatioa 
already given, concerning the beds of this formation, 
and the materials which they supply, will be found 
sufficiently indicative of the resources of such part of 
this county as is occupied by these formations. 

To the engineer or builder, the most important 
part of the county of Dorset is that occupied by the 
Isles of Portland and Purbeck, the grand depositories 
of the finer architectural materials of this county. 
The island of Portland consists of hlack shiver, 
covered with limestone (Middleton). The north end 
of it is about 400 feet above the sea, and that of the 
south is supposed not to exceed 100 feet in height. 

The quarries are on the eastern and western sides 
rf the island, and the cap of stone averages 100 feet 
in thickness. The stone is in layers, varying in 
thickness, with partings of clay, shiver, flint, &c. The 
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best quarries are at Kingston, Worth, Langeton, and 
Swanwich; other quarries are situated at Wt 
Morden, and neat Dunshay. The quarries i 
known by various names, such as Waycroft 
Goslings quarry, Winspit quarry, Maggott 
&c., and lias is extensively quarried at Lyme 
The quality of the Portland and Purbeck stoi 
&c., will be found described in the 5th chapte 

Somerset. 

The county of Somerset Contains, 1. Gret 
2. Lower ooljffi. 3. Lias. 4. New red sat 
5. Coal. 6. Mountain limestone. 7. Clatf-slat 
wacke, and some smEtU patches of chalk. 

The lower division of the oolitic series 
developed in this county, and extensively wor 
the supply of the well-known Bath stone, 
quarries around Bath are very numerous ; tl 
important are Box, Coombe down, and Farle; 
near Bath ; and at Doulting, near Shepton 
are some celebrated quarries of valuable frt 
The lias, which forms the base of the oolitic 
is extensively quarried in this county ; a consi 
quantity is procured from the quarries near Ba 
at Watchet, St. Decuman's. Glastonbury, Soi 
Shepton Mallet. &c. 

Mr. Homer, in describing the Somen 
lias,* observes, that " all the strata of this lira 

• Geology of the south- western i^acl of Sometselshire 
llorner, Geol, Troas., vol. iii. 
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though externally very similar, are not of the same 
mineralogical composition, for they have very distinct 
properties. Some of thera yield a lime vfhich pos- 
sesses, in a most eminent degree, the property of 
setting under water : these are generally the thinnest 
strata, are of a l^ht blue colour, and compact earthy 
texture; on each surface of the stratum, and at the 
joints, the colour is changed to a light brownish yel- 
low or cream colour, which is of different thicknesses ; 
in some places extending so far into the interior of 
the stratum, that the blue colour is nearly obliterated. 
ITie other variety of the limestone ^ of a much 
darker colour, but is most particularly distinguished 
by the strong fcetid smell it gives out when struck 
by the hammer, and when it is burning in the kilns. 
It is always in thicker strata than the other variety, 
and abounds in organic remains ; it is also very much 
penetrated by pyrites in many places. These fcetid 
strata have much less the property of setting under 
water, and are best a^pted for agricultural purposes, 
for which the other are very unfit," 

The first mentioned variety of limestone is by 
the quarry-men called blue lias or building lime. 
and the latter, black lias or ground lime ; the strata 
are generally less adapted for building lime the lower 
they go. The lime'stone on the eastern side of the 
Quantock hills is chiefly of the crystalline kind, but 
of variable quality, and accompanied by the red 
sandstone and graywacke of the county. The prin- 
cipal Quantock quarries in the south-western part of 
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Somersetshire, may be enumerated as follows : — • 
Binfords, Westcot, Treborough,* Leigh, Doddington, 
Triern farm, Ely green, Cannington park, &c. 
(Homer), 

A very fine grained granite, provincially called 
"pottle stone," was formerly quarried at the foot of a 
hill a few miles north-east of Taunton.'f' The quality 
of the various kinds of Bath stone is ftiUy described in 
the 5th chapter of the Treatise. 



Devonshire. 

The county of Devon contains, 1. Green sand. 
2; iV>w red sandstone. 3. Millstone grit. 4. Granite, 
trap, kc. 5. Clay-slate. And, at Chudle^h, a por- 
tion of clay. 

The granite quarries are situated on the ele- 
vated tract called Dartmoor, in the south-western 
part of the county, and are surrounded by a district 
of argillaceous slate. The transition slate occupies 
the northern part of the county, including Exmoor. 
The red sandstone occupies the lesser tracts of the 
county, and skirts the base of the last -mentioned dis- 
trict, extending north-eastward into Somersetshire, 
and westward as far as Hatherleigh. The green 

■ At Treborough, a very excellenl roofing slate is lobe procured. 
Horner, Geol. Trans. 

t There are extensive tiinestone quarries ia Ibe neighbourbood of 
Brisiol. 
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sand CtmBtitutea the iai^est portion of the hills 
in the south-eastern part of the county (Lewis). 

The extensive quarry of H^vitree (red sand- 
stone formation) is situated about a mile and a half 
from Exeter, on the road to Honiton. The sfone is 
a stratified conglomerate, compact and tenacious, but 
passes into a tender and friable sandstone. Dr. Ber- 
ger* (to whom we are indebted for this information) 
states, that owing to .the presence of a considerable 
quantity of calcareous particles in the stone, it might 
be very easily mistaken for limestone ; it also con- 
tains particles of other rocks. 

Poucham quarry is about two miles N. N. w. of 
Exeter. The rock is an amygdaloid, the nodules of 
which are chiefly calcareous, and much stained with 
the oxide of iron. 

There are three or four quarries at Thor\'erton, 
eeven or eight miles north of Exeter, in the same 
amygdaloidal rocks ; but the composition of the rock 
varies considerably in different places. 

The limestone of the cliffs from Stonehousc 
Pool to Catwater and Mount "Batten is formed of a 
compact limestone, which breaks into large flakes 
with a semi-conchoidal fracture. It is of a yellowish 
white colour, and, when quarried, is blasted with 
gunpowder. On the side of Catwater this limestone 
is of a bluish colour, and crystalline grain, but inter- 
sected by veins of calcareous spar, in many places. 

* Dr. Bcit!(rr ■■ On llie Pliysical Suuctute of Deronsliire iiiiU Corn- 
vtall." Geol. Tiaiis. vgl. i. p. 101. 
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The transition limestone of Plymouth has al- 
ready been sufficiently described ; there is, however, 
a quarry of it on the left bank of the Flym, belong- 
ing to Lord Borringdoo, The stone is of a blackish 
brown colour, contuning rhomboidal plates of calca- 
reous spar. It is remariiable, that in the same 
stratum, it suddenly assumes all the ^Jiaracters of a 
shining slate, and, in this state, effervesces less 
briskly with acids. 

Coi-awall. 

The county of Cornwall contains, 1. Milktone 
grit. 2. Granite. 3. Trap rocks. 4. Clay and 
graytoacke slate. 

The greater part of the county of Cornwall is 
occupied by the Eillas, a coarse alliaceous schist, 
which is found in every part of Cornwall with the 
exception of the spaces occupied by the granite. 

The granitic districts are four in number. The 
first is nearly bounded by the church towns of 
Northill. St. Neot's, BlisKnd, St. Breward, and St. 
Clether ; the second, by Llanlivery, Roach, St. Den- 
nis, St. Stephen's, St Austell, and St. Blazey; the 
third, by those of Constantine, Crowan, Redruth, and 
Stithians ; the fourth occupies the western extremity 
of the county, from St. Paul and Tennor, to the 
Land's End. There are also four small spots of 
granite ; the first between Calstock and Callington, 
the second east of Redruth, a third west of Breage 
and St. Michael's Mount. 
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There are some thin beds of crystalline lime- 
Btone near Padstow, in the parishes of Carantoe 
and Lower St. Columb, also between Liekeard and 
the Tamar. Beds of china and other clay are found 
in various parts of the county (Lewis). 

It would appear that the granitic rock of Cal- 
stock possesses a certain degree of stratification, for 
in working the stone, the quarrymen split it with a 
great number of wedges. The pool holes are first 
sunk with the point of a pick, about four inches 
apart, according to the size and supposed strength of 
the stone. 

Mr. Sraeaton states, in his " Narrative," that 
he has frequently seen, in this county, " posts of 
granite twelve feet long, and not above eight inches 
square, used instead of wood, for the mere purpose of 
supporting a hovel." "But it is to be constantly 
observed," he continues, "that the strength of the 
stone on each side of the bisection is so managed, 
as to be nearly equal, otherwise the split will con- 
stantly encroach on the weaker side." 

Isle of Man. 

The Isle of Man contains, 1. Mountain lime- 
stone. 2. Clay slate. And, 3. New red sandstone. 

In this island there are several quarries of 
valuable freestone. The dark gray or black marble 
so much employed in the time of Wren, was pro- 
cured from this island. The external steps of St, 
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Paul's cathedral were, it is stated, procured from 
these quarries. 

The intermediate strata of the formations which 
we have enumerated are of almost iiifioite variety, 
but, when considered as substrata for building upon, 
maybe arranged in the following order — Bog earth, 
Clay, Gravel, and Sand. We shall have occasion in 
the course of the following Treatise, to point out iu 
detail, the precautions necessary to be adopted, 
when building upon soils so varied in character ; in 
this place, however, few general remarks appear 
necessary. The most recent and successful in- 
stance of forming a foundation on moss or bog, is 
exhibited on the Liverpool and Manchester railway. 
Chat Moss is a vast morass, situated on the north 
side of the turnpike road, leading from Manchester 
to Liverpool, containing about 6,000 statute acres, 
the entire extent covering about twelve miles. 
The composition of this bog is identical with the 
red bog of Ireland, and the white flow moss of 
Scotland. The vegetable mass retains the water 
similar to a sponge. Every fibre contains a portion 
of water, and the tenacity with which it continues 
to hold it, gives to the whole a semi-fluid quality, 
not always free from danger to the neighbouring 
land. The depth of this bc^ is, in some parts, forty 
feet, resting, of course, on what was the original sur- 
face; the general drainage was therefore accom- 
plished with little difficulty. The Liverpool and 
Manchester railway crosses Chat moss, in a Une of 
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nearly fire miles in length. In forming the em- 
bankment at the eastern boundary (twenty feet in 
height), an immense mass of earth was thrown in 
and disappeared, before anything like a palpable 
foundation for the road could be obtained. 

In forming the embankments on the moss, 
677,000 cubic yards of bog earth were dug np, and 
the water being ejected, so as to render it solid and 
fit for the purpose, its quantity was reduced to about 
277,000 cubic yards. The embankment across 
Parr's Moss, three quarters of a mile in length, was 
composed of 144,000 * cubic feet of clay and stone, 
procured from the Sutton inclined plane.f 

in building upon a substratum of London clay, 
it is highly necessary that the excavations should be 
continued below what may with propriety be called 
the weather Ihte. The London and other similar clays, 
are remarkable for the natural fissures which they 
contain, many of which are either wholly or parti- 
ally filled with calcareous spar or sulphate ofbarytes, 
but in exposed situations, and in the summer season, 
many additional cracks become visible, and extend 
to a considerable depth. On an atmospherical 
change taking place, the fissures close, and the clay 
swells ; the enormous pressure thus exerted by the 
water contained on or below the substratum, will 
oifectually disturb the equilibrium of buildings of 
moderate weight. Great attention is also required 

* Qy- prds ? 
. t See" Wheeler's History of ManchesUr," 1838. 
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in passing front one stratum to another. In alt 
cases of soft soils, the upper stratum should be either 
wholly cut through, or a sufficient depth of the 
natural soil should he left under the foundations, - 
equal to bear the superincumbent pressure. Great 
danger is, therefore, to be apprehended in breaking 
the upper crust of a new stratum ; if a new stratum 
is to be passed into, the excavation should be carried 
down to the more consolidated part. 

The blue and brown argillaceous deposit so exten- 
sively distributed over the eastern counties, contains 
Hotlules of chalk, and masses of various other rocks 
and fossils from nearly every secondary formation in 
England. Doctor Mitchell, in a paper lately read 
at a meeting of the Geological Society (November 
5th, 1838), gives the following localities, near which 
the peculiar features of this deposit may be traced ; 
Norfolk : Cromer, Norwich, Harleston, and Diss. 
Suffolk : Lowestoff, Southwold, and. Woodbridge. 
Essex : Maldon, Kelvedon, Braintree, Castle Hed- 
dington, Navestock, and Upminster. Cambridge- 
shire: Ely, CaxtoD, and Arrington. Huntingdon- 
shire : The district behind Huntingdon and Peter- 
borough, Huntingdon and Caxton. Bedfordshire : 
Castle hill near Bedford. Buckinghamshire : The 
line of the London and Birmingham Railway, near 
Fenny Stratford, and the Linslade tunnel, near 
Leighton Buzzard. Middlesex : Finchley and Mus- 
weli hill. The principal localities for the accumu- 
lation of rocks from distant formations, are the Stag 
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Inn, near Diss; Holy well, near Norwich ; Ballingdon 
Hill, near Sudbury; Newnham, near Baldock, and 
Muswell Hill, Middlesex; at each of which points 
are found nearly all the following rocks: — hard and 
soft chalk, with tabular and other flints, oolite, 
combrash, lias, mountain limestone, trap porphyry, 
sienite, and granite.* 

Should the substratum consist of a gravelly 
deposit, its nature and extent should if possible be 
ascertained previous to the commencement of the 
■works, for strata of this description offer more 
remarkable phenomena to the notice of the engineer 
than any other. 

It should be remarked, that although sands and 
gravel " faithfully represent those rocks from which 
they are derived," yet vast accumulations of gravel 
are deposited in many parts of the country, derived 
from rocks whose localities are far removed from 
those deposits. The post-diluvian a^;regations, 
notwithstanding their great thickness in some places, 
are generally loose and shingly in their nature, and, 
if adopted as a substratum for important works, re- 
quire considerable artificial consolidation. In the 
vicinity of London, tlie gravel chiefly consists of 
rolled flint pebbles, probably derived from the chalk 
formation ; but to the westward of the metropolis, 
the gravel under the alluvium is intermixed with a 
considerable quantity of guartzose pebbles. 
■ It appears that the nearest quartzose rocks in ntu, 

* AtheiiEeuin, No. 576, p. Sll. 
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are those which constitute the Lickey range, near 
Bromsgrove, in "Worcestershire; the vast ruin of 
whose rocks has been traced* from their so 
through Warwickshire, Oxfordshire, and the vi 
of the Thames downwards, towards London, 

The gravel pits of Hyde Park and Kensin 
contain a considerable quantity of quartzose de 
much of which is either in a state of commim 
or decomposition. Deposits of this nature are e 
identified by their loose structure and heterc^n 
composition, while the real diluvium is mostly 
together with a calcareous or ferruginous cen 
in considerable stratified beds. 

The gravel of Lichfield is an example of b 
composing stratum, well worth the attention ol 
student or engineer. "f" 

Foundations upon sandy beds have been foi 
with OTDsiderable success. The erection of the li 
house upon Spurn Point, by the late Mr. Smei 
is a useful example to the student, and shows tl 
firm sand will resist the insertion of piles afle: 
depth of nine feet.;!; 

The bridge over the estuary of the Lar 
Plymouth, is another successful example of buil 
upon a sandy bottom. An excellent memoir on 
subject will be found in the first volume of 
" Trans. Inst. C. E." 

• See Dr. Buckland on tbia subject, vol. 5, part ii., Geo!. Trars. 
t See Aiken on the Urhfield Gravel, Geol. Tcaos. vol. 4. 
t See Smeaton's Nareative." 
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PilJBg oo diluvial sands, in low situations, or on 
^"■"^'"^ rivers, is highly objectionable, inasmuch 
rption of water from above, or the upward 
om a subjacent retentive stratum, com- 
the influence of the tides, will most cer- 
set the buried timber to those changes of 
e, and alternate drjmess and moisture,- 
30 destructive to even the most compact 
laterials. 



bllowing materials have been carefully 
nd experimented upon. The results will 
the coufse of the Treatise : — . 



Strata above the Chalk. 

the London clay and sands above : — 
and Bagshot sands, and septaria from 
ill. Sands from the plastic clay forma- 

the chalk ; — Merstham and Dorking 

e ; lime made from ditto, 
the Green sand ; — Sandstone from the 
and Iieith-hill quarries, Surrey ; Kentish 

le Weald. 
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From the Weald clay ; — Specimen from Pet- 
worth, and specimen of Purbeck from the foundation 
of Old London Bridge. 

From the Iron sand: — Sandstone from Pens- 
hurst, Kent, and Sandy) Bedfordshire. 

Oolitic series, upper division : — Limt 
Aylesbury, Purbeck, and Portland. 

Middle division: — Red sandstone : 
mouth ; Limestone from Chippenham C' 
Lincoln. 

Lower division : — Limestones froi 
(Northamptonshire), "Coombe Down, 
Farley Down, and Bos quarries, Bath i 
Stamford (Huntingdonshire), and Newp 
(Bucks) ; Sandstones from Northampt 
Compton, Blisworth, and Daventry. 

Lias ; — ^From Bath (Somerset), anc 
Stoke Prior (Worcestershire). 

New red sandstone : — From the Liv 
nel, and Oldbnry (Warwickshire), Tam-n 
fordshire), and Runcorn (Cheshire). 

Magnesian limestones : — ■ From 1 
Ripen, Doncaster, Quarry Moor (Yorks 
ham, and Nottingham. 

Transition limestone : — Plymouth. 

From the carboniferous sews : — 
from Chesterfield and Matlock (Derbysh 
Abbey, Richmond (Yorkshire), Dost-hi 
(Staffordshire) ; Sandstones — Warsall sto 
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quarry, Pateley stone. Moor etone. Bramley Fall, 
Mexborough stone, Holton stone, Kirby stone, Leeds 
flagging. Idle flagging, and Sheffield stone (York- 
shire), Heddon quarry (Northumberland), and Stokes 
quarry, Amington (Staflfordslrire). 

Grranites, Sienite : -^ From Grreat Malvern, 
Dublin, Hayter (Devonshire), Constantine (Corn- 
wall), Aberdeen (Scotland), and Sandstone from the 
Cragleith quarries (Scotland). 
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CHAPTER I. 



PRELIMINARY OBSERVATIONS.— REMARKS ON THE GEN 
RAL ORDER AND SUCCESSION OF STRATA.— ON TI 
EXAMINATION OF STRATA AND DESCltlPTION I 
BORING APPARATUS EMPLOYED FOR THAT PORPOS 
—NATURE OF STRATA ABOVE THE LONDON CLAY, 
SECTIONS OF STRATA IN THE NEIGHBOURHOOD ( 
LONDON, lie. 



The great importance attached to the study ■ 
the Science of Architectural Construction, and tl 
vigour with which analytical investigations on th 
subject have of late years been followed up, has givt 
to the opinions of the British Architect a weigl 
and respectability of character, that yields to noi 
of his prdessional brethren of continental not 
The impetus given to that branch of architectur 
science called Civil Eogineering, by the vast an 
numerous jttojects for the purpose of railroad coi 
veyance, has called into operation a further develo| 
ment of those energies which had previously bee 
80 successfully employed in the art of Bridge Builc 
ing, and which called forth the following elegai 
encomium upon native tjdent and individual entei 
prise, from a celebrated French engineer, who (a 
luding to Waterloo Bridge) In a memoir addresse 
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to the French Institute, thus apostrophizes his 
subject : — 

" If, from the incalculable effect of the revolu- 
tions which empires undergo, the nations of a future 
age should demand one day what was formerly the 
new Sidon, and what has become of the Tyre of the 
West, which covered with her vessels every sea? 
the most of the edifices devoured by a destructive 
climate will no longer exist to answer the curiosity 
of man by the voice of monuments; but the Water- 
loo Bridge, built in the centre of the commercial 
world, will exist to tell the most remote generations : 
here was a rich, industrious, and powerful city ! 
The traveller, on beholding this superb monument, 
will suppose tliat some great prince wished, by many 
years of labour, to consecrate for ever the glory of 
his life by this imposing structure. But if tra- 
dition instruct the traveller that six years sufficed 
for the undertaking and finishing of this work — if 
he learns that an association of a numben of private 
individuals was rich enough to defray the expense 
of this colossal monument, worthy of Sesostris and 
the Caesars, he will admire still more the nation 
in which similar undertakings could be the fruit of 
the effijrts of a few obscure individuals lost in the 
crowd of industrious citizens." 

It is not, however, the skill or ability displayed 
by the architect iil the structure alone, that enables 
us to judge of his merits as a practical builder, 
or that evinces his judgment as an engineer. The 
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attributes of foresight and prudence, so eminently 
■ calculated to command success in every relation of 
life, is, in thfe case of the architect, a matter of con- 
stant and particular application, and upon the due 
observance of which depends his feme and character 
as an artist, and his success as a skilful practi- 
tioner. To the many, the scientific labours of the 
architect are but little known and less understood. 
Buried beneath the bed of rapid rivers, surrounded 
by the waves of the ocean, or deeply seated upon 
the 'B.rm consolidated stratum of its parent bed, the 
foundations of his works — the practical application 
of the study of years— lay concealed from the view 
of the thousands that admire or impugn the taste of 
him whose labours are supposed to end with the pro- 
duction of a tasty iaf ade from the drawing board. 

The important points involved in the considera- 
tion of the present subject has induced the Author 
to devote this Chapter to some general observations 
concerning the nature of stratification, and, above 
all, to point out to the inquiring student the neces- 
sity of his considering the study of the science of 
Geology, as embracing a most valuable and signifi- 
cant acquisition to his stock of scientific information. 
" Geol<^y (says the Rev. W. D. Conybeare*) being 
the knowledge of the earth's structure, as far as it 
lies open to our observation, the fundamental point 
on which it rests is the ascertaining the order 
in which the materials constituting the surface 

* Geology of England and Wain. 
B 2 
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of our planet (far beyond this our oljservation 
cannot penetrate) are disposed. The superficial 
and hasty observer might suppose that" these mate- 
rials are scattered irregularly over the surface, and 
thrown confusedly together ; but a slight degree of 
attention will prove that such a conclusion would 
be entirely erroneous." The continued change of 
locality to which raan in his less civilized state waa 
subject, must undoubtedly have led to some particu- 
lar observations relative to the soil that was to yield 
him its produce for his support. But the extension 
of bis observations, for any further purpose on this 
point, may be readily doubted, when we consider the 
migratory character of his life, and the temporary 
structure of the rude abode that was formed, rather 
for the purposes of present shelter and repose than 
for those domesticated comforts and conveniences 
that mark the progressive stages of his civilization 
and refinement. In directing attention to a com- 
paratively modern branch of study, namely. Geology, 
we shall endeavour to show in what- manner the 
truths unfolded by that science may be rendered of 
the greatest available service to the student in archi- 
tecture, and its professors, whether civil or military. 
The researches of the geologist having placed 
before us certain facts relative to the formation of 
the strata of our globe, it will be necessary, in 
treating on this subject, to ad:ipt, to a certain extent, 
that methodical arrangement exhibited in their most 
approved treatises. But while we shall have occasion 
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to recur to geological formations in treating on the 
varieties of building stone, the discussions on the 
natural phenomena connected with our investigations 
embrace such an extensive field of inquiry, and is 
withal so peculiarly the province of the scien 
geologist, that^a reference* on the part of theAul 
to those standard productions that are most HI 
to reward the researches of the student must 
considered sufficient for this purpose. We pro 
only to point out the application of this study to 
purposes of architectural science. 

The distribution of the various strata that f 
the crust of the earth are, by an Intelligent Canst 
placed before the observation of man, as to p 
out readily the peculiar characteristics of a com 
suitable either for the establishment of a city, 
occupation of the agriculturist, or the site of 
Cyclopean works of the workers in metal. 

The manner in which the various strata 
successively presented to view on the surface of 
earth is by what is termed (geologically) the " i 
crop, or basset of the strata." This remarkable 
pearance originates in consequence of the diffe: 
strata successively overlapping and emerging fi 
beneath each other, f thereby forming a series 

" Phillips and Conybeare, " Geology of England and Wales.' 
the elegantly written introduction to that work, numeroua referi 
are given of considerable importance, and to these I muat reft 
student who wishes to extend his geological inquiries, only addi 
them the lale relebrbted " Bridgewater TreatiBe" of Prufessor Bucl 

t This natural arrangement of the strata enables lis to bt 
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scones or belts, marking the variations of soil, and 
distinguishing in many instances one county from 
another. From whatever point we proceed, consi- 
dering (for example) London as the centre, the 
same phenomena and the same distribution of 
strata exist — subject, however, to occasional inter- 
ruptions, dislocations, &o., arising from the external 
agency of atmospherical influences, irruptions of 
water, or of the no less violent agency of volcanic 
fires. The operations of the architect, in his search 
after a solid substratum, do not extend to ^ly very 
great depth ; for should the soil prove treacherous, 
he has other and artificial aids for remedying a 
defect which would probably otherwise require 
extensive excavations. Previous to entering upon a 
description of these artificial methods, it will be 
requisite to point out some of the more prominent 
strata that will be most likely to command the 
attention of the young architect or engineer. Geo- 
logists have genei'ally agreed to the following classi- 
fication of the strata as they appear on the suriace 
of the earth: — The alluvial, the diluvial, and the 
regular strata, consist of various beds or layers of 
sand, clay, and limestone, each of which, with their 
separate layers, are also designated by the compre- 
hensive terras of siliceous, argillaceous, and calca- 
reous masses, the most prominent of which in this 
island are the chalk and the limeatime. 

acquainted with the nature and properties of the beds or layers, other- 
wise inaccessible from their extreme depth in.a vertical direction. 
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The alluvial stratum is that peculiar deposit 
which is formed under our immediate obserratiou, 
and consists of accumulations of sand ""'1 oLin^lfl 
along the sea-coast, in estuaries, the a 
sitions forming new lands on the ban 
lakes, &c., and other apparently miaoi 
which in process of time gradually 
effectually change the face of well-kno' 
The immense quantity of shingle or 1 
is now, and has, for some time past, 1 
ing together at the foot of the town 
Dover, is an example of the formation 
of deposit worthy the attention of the ei 

The diluinal deposit is that exteu 
or layer of sand and gravel indifferei 
all the solid strata, and appears to 
opinion of Geologists, that the derivi 
universal stratum may be traced to on^ 
vulsion which has partly destroyed oi 
the solid strata ; this opinion is furthe 
borne out, in consequence of the gravel 
the deposit being in all cases composed 
that particular rock most abundant oi 
the site. In addition to this, Mr. Conybe 

* The harbour of Dorer is frequentlj impaaiable 
of a bar of Bhingle being formed across the mouth du 
lence of south-westerly winds. The immense espen3< 
the extensive alterations of the works, and the quest! 
to their gltimal* efficacy, would lead us to inlbr that t 
oveilooked that slaw, biitcertdn, operating cause whicli 
their endeavours, namely, tUe natural formation of n: 
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" that between these accumulations of fragmented 
rocks and the valleys traversing the present surface 
of the earth, there clearly exists a close relation ; 
that, namely, between the breaches that have been 
opened in the ruined strata, and the inaterials which ■ 
have been removed from those breaches. The same 
causes that have excavated the one have heaped up 
the other ; and these causes have evidently (as 
appears from a general examination of the pheno- 
mena) acted at once on all the strata, and at a period 
subsequent to their original formation and consoli- 
dation : hence they must be assigned to the last 
violent and general catastrophe which the earth's 
surface has undei^ne; whatever has occurred since 
being either the great action of causes still conti- 
nuing to operate, or convulsions, violent, indeed, but 
of very limited and locjd extent." 

The regular strata forms the next general , 
division, and is composed of sand, clay, marie, 
and hmestone, &:c. The interminable number of 
beds alternating with each other in the order 
already represented, would prove a source of infinite 
perplexity to the geologist as well as the student, 
were not the general arrangements of the former to 
comprise the numerous alternating strata of one 
kind or genus under one comprehensive head, thus : 
the alternating beds of sand and clay, or chalk and 
Jitnt, are, however numerous, referable to the ge- 
neral heads of those two great divisions. The great 
chalk formation has been with propriety chosen as 
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the leading feature for the consideration of the 
geological character of this country : its peculiarity 
of situation, and the guide that it forms to the 
observation of other phenomena connected with 
geological inquiries, have justly rendered this conspi- 
■ cuous stratum of first-rate importance in these t 
similar investigations. One of the most import 
features of the chalk deposit is that scarcely f 
ceptihle dipping under all the other strata bei 
mentioned — forming, when viewed as one great i 
comprehensive whole, an extensive hollow or has: 
interrupted only by the line of coast : this formati 
consequently, becomes the highest of the Eng 
strata, as will appear by referring to what has b 
already stated when speaking of the " outcrop 
basset" of the strata. We have hitherto ( 
sidered the nature of the strata geologically, ; 
in an extended and general sense. The ar 
tect will have to judge of the practical value of 
substratum for building purposes, by examir 
the soil more in detail ; and, indeed, this portio 
his labours is arduous and exciting in the extrei 
his excavating operations frequently extent 
tlirough numerous subordinate strata, in most c 
imperfectly consolidated. Other instances occu 
which the depth of one stratum (the London-c 
for instance) is of too great a thickness to a] 

* The most northerly of theie basins, including the metrupo 
on that account called the London Basin. 
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of its puKtration to its entire depth. In order to 
examine the nature of soils for the purpose of build- 
ing upon, or for the supply of water, recourse has 
been had to boring the earth to a considerable 
depth, thereby enabling us to examine what is 
brought to the surface by the shell of the boring- 
rod. The apparatus merits a description in this 
place, as one of the means, the uses and appliances 
of which should be distinctly understood by the 
architect and engineer. The following invention, 
together with the drawings and description, have 
been kindly furnished by my esteemed and inge- 
nious friend, Luke Hebert, Esq., C.E. 

The implements made use of are extremely 
simple, and may be understood by reference to the 
above drawings : — 

A, is the cross handle of the borer for two men 
to work. 

B, the chisel borer, which" is made to screw 
into A. 

C, the auger which also screws into A. 

D, a lengthening rod, screws also into A, at 
one end, and at the other end it has a hollow screw, 
into which is either fitted the chisel or auger, or 
another piece of rod. A great number of these 
lengths of rod are kept generally in readiness, which 
are screwed one into the other, so as to proceed to 
the depth of several hundred feet. 

E, a forked iron, used to lay across the hole to 
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support the rods at the joints, whilst the pieces are 
being screwed and unscrewed. 

F, a spanner, used to screw on and u 
various tools and lengths of rod. 

G, a clearing chisel, with a probe 
attached to guide it. 

H, the spring bar used to produce s 
up-and-down motion to the chisel, whi 
peck away hard or rocky ground. 

I, iron chain, to connect the cross ha 
tools to the spring bar. 

J, two men at work, boring with th< 

K, the lower pulley of a pair of ] 
pended to compasses above. 

L, the compasses. 

M, winch or crane to work the bl 
great weights are to be raised. 

O, three lengths of rods, and the cl 
act of boring — perforation, about 42 feet. 

P, spiral worm or auger. 

Q, square iron bar passing through 
tube of the spiral worm. 

R, chfuns to draw up the spiral w 
the bar. 

S, top plate of spiral worm, to whid 
are affixed. 

T, upper view of plate, showing the . 
through which the bar passes. 

U, angular point of sqijare bar. 

V V, cutting auger edges. 
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W, underside view of the bottom, cutting parts 
of the spiral auger. 

As a preparatory measure, a large circular 
hole is usually dug to the depth of seven or eight 
feet, at the bottom of which a floor is formed by 
means of some planks for the men to work, and 
pace round upon, whilst using the implements.* 
If the earth is very soft, the only tool requisite is 
the auger C, of three to four inches diameter, which 
is screwed into the cross handle A, and the per- 
foration is easily effected by the mere turning of it 
J-ound by two men, as shown in the drawing. When 
the auger has penetrated to nearly the depth of the 
tube, it is withdrawn and cleared of its contents ; 
it is then let down again, and the perforation con- 
tinued to the length of the instrument. To proceed 
to a greater depth, the lengthening rods before de- 
scribed are put into requisition, the auger is detached 
from the handle by unscrewing it, a piece of rod D, 
is screwed in its place, and the auger screwed on.to 
the rod. With the instrument thus lengthened seven 
or eight feet, the boring is renewed by means of the 
auger as long as the earth is found to be sufficiently 
soft and yielding : whenever it proves otherwise, or 
hard and rocky, the auger is detached from the rod, 
and the chisel B, which is from three to four" inches 
in diameter at its edges, is screwed on in its place. 

* Instead of this, lametimes a stage ia erected, trom ten to fourteen 
feet above the ground, where'the men turn the boring implements, 
assisted by a man or two underneatb it. 
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If tlie ground 13 not very hard, the boring may be 

continued with the chisel, by the worki 

upon it as they turn it round ; but wl 

is too hard to be operated upon by the 

way, recourse is had to pecking, whic 

lifting up the implement and striking i 

opposing substance till it is chipped 

duced- to powder, to a certain depth. 

chisel are then again drawn up, and tl 

stituted for the chisel, for the purpose 

the pulverized stony matter contained 

The chisel and the auger are thus em] 

nately where the ground is hard and sti 

for chipping away, or pulverizing, and 

clearing out. 

As the perforation deepens, th* 
pecking becomes very laborious ; reco 
fore had to a very simple contrivanci 
spring-bar (see H), which affords the r 
aid. This is a strong pole, placed hori 
the well, at the height of three or four 
ground, with one end inserted into a 1 
strong hold. The chain I is attached 
and the handle of the borer is suspende* 
of the chain, which supports its wei^ 
vibrating motion is then given to thi 
workmen, which causes the chisel to pe 
rapidity. 

As the weight of the implements 
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great to be drawn up by hand, whe? the boring has 
proceeded to a considerable depth, the mechanical aid 
of a pair of puUey blocks, K, is used for the purpose, 
which are usually suspended to a tripedal standard 
(or triangle as it is called), fixed over the hole. In 
withdrawing the rods for the purpose of bringing 
up the materials bored through, or for changing 
the tools, every piece is successively unscrewed, 
and upon re-introducing it upon the hole, every 
piece is necessarily screwed on again, which renders 
the operation exceedingly tedious. This incon- 
venience, it appears, might be greatly lessened, by 
erecting a more lofty standard, such as is used in 
shifting the masts of ships, called compasses, which 
are formed of two long mast spars, connected to- 
gether at top with ropes, passing from the summit 
in a cross direction to the ground (so as to form a 
quadrangular figure at the base) to secure the com- 
passes in their position. A crane, or simple winch 
and ratchet wheel, might then be fixed to one of the 
legs of the compasses at M, which should work 
tackle blocks, or a single wheel and axle suspended 
to the upper part of it ; which would enable the 
workmen to raise a great length of rod safely, with- 
out the necessity of the almost incessant screwing 
and unscrewing, which occupies full three-fourths 
the time and labour. Considering the compasses as 
preferable to the tripedal standard, it is here intro- 
duced in lieu of it ; see L. 
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In the manner described the boring pi-oceeds, 
changing the tools to such as may be best suited to 
cut through the various strata ; whether of a soft, 
indurated, or stony texture, until the main spring is 
arrived ■ at, when the water flows up 
fonned tube to the height of the distant s 
which it is derived. If that be at a greai 
than the surface of the earth bored, the ■ 
above ihe ground, producing a perpetual fc 
the contrary,if it be beltiw the surface, a w 
. sunk, of some capacity, lower down than 
the adjacent spring, into which the water ■w 
form a reservoir, to be drawn up by means 

The earth is sometimes bored by 
mentioned simple instrument, to the de 
three, or four hundred feet, either for tl 
gf obtaining water, or to ascertain the 
minerals. To carry on the operation of 
mense depths, it is of course necessary 
a greater power than that of the two i 
drawing ; but any degree of force may e 
obtained by lengthening the cross bar or 
working them above ground, as a capeta 
a ship ; or a horse may be employed ti 
boring shaft the- same as in a mill. Thi 
ances, however, are only suggestions, ai 
obvious to every body. 

When the hole is bored, a pipe of c 
other metal, is forced down, to preven 
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filled up again by the falling in of the surrounding 
earth, and likewise to keep out the impure hind 
springs, which might taint the water. 

Reflecting upon the excessive labour and te- 
diousness of the ordinary method of boriag the 
earth, I was led to consider of some means by which 
the operation might be carried forward at great 
depths, and the eartb be extracted without the 
necessity of withdrawing the rod, and thus save full 
nine-tenths of the time and labour, which are occu- 
pied in tlie almost perpetual screwing and unscrew- 
ing of the various pieces composing its length every 
time it is let down or drawn up. The method by 
which this desirable object is to be obtained is ex- 
tremely simple, and may be described as follows : — 
An auger is to be made with a spiral worm, wind- 
ing round a cylinder, which is to form its centre.* 
The cylindrical part is not to be solid, but to be 
perforated throughout its whole length with a square 
hole of two inches or more diameter, for the pur- 
pose of receiving within it an iron bar of the same 
figure and admeasurement. The bar will thus serve 
the double purpose of a spindle, or shaft, to work 
the auger, and cause it to bore ; and as a slide, upon 
which it may be dra^vn up with fecility from very 
great depths to the surface in a few seconds of time, 

* This figiue mar perhapi be better undentood by comparing it 
to a circular Btaircaae, winding loimd, aad supported by a column or 
nevell in it* centre. 
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contents be discharged, and let down again, as 
quickly to proceed in the perforation of a fresh 
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boring the earth, than the copimon auger. First, 
because it requires lees power to force the earth up 
the inclined plane of the spiral auger, than perpendi- 
'irly up the common auger; consequently, the 
er, by the application of an equal force, cuits its 
1 more slowly. Secondly, because the weight of 
earthy contents in the spiral auger, lying sup- 
ted on ita inclined plane, adds force to the 
dng, while in the common auger the perpendi- 
ir column of earth in its centre has a bearing- 
inst the edge of it, prejudicial to the cutting. 

That a part of the contents of the spiral auger 
? not fall out, when being drawn up, the worm 
thread is not to be left open, but to have a per- 
dicular border, raised upwards at right angles 
\i the plane of the thread as shown in the draw- 
; the aperture between the upper edge of this 
der. and the next thread, is left open for clearing 
the auger with facility ; see P. The square bar. 
jpindle of the auger, is shown at Q. R are the 
ins attached to the top plate S of the auger, 
passing over a pulley. T shows an upper view 
lie plate of the auger, with the square hole through 
U is the angular point of the bar, which may 
formed as a chisel or any other figure. V V are 
side cutting edges of the ai^er. W is an un- 
side view of the ai^er. showing also the two 
ler edges which are connected with those at V V, 
I form right angles witfi them. It is evident 
t various kinds of tools may be fixed at the 
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bottom of this aug^r so as to peck, &c. ; but to go 
into particulars on these minor points will per' 
be tedious, and extend this description, ain 
I fear, too lengthy, I must not, however, ( 
it without remarkii^, that the auger may 
easily latched or bolt«d in its situation, should i 
considered requisite, and unfastened on puUinf 
chains tight ; but I am of opinion, that the w< 
of the instrument would render the fastening < 
down unnecessary, as any required force migh 
given by loading the upper part. The vai 
figures referred to are fiilly exhibited in plate 1. 

Considerable ingenuity has been displayed 
time to time in the construction of the variout 
ploBientB used for boring the earth. The appai 
invented by Mr^ John Good is considered efficac 
and possesses an additional advantage *in the f 
simplicity of its construction. The following 
description, from a communication furnished 
L. Hebert, Esq., of the instruments inventec 
Mr. Good. The reader is referred to plate 2 foi 
illustrative drawii^s. 

It will be noticed that all the instrumi 
except four, have a screw at their upper ends, w 
are tapped to one thread, so as to fit imiformly 
the rod or rods by which the process of borii 
conducted. Every rod is screwed in like maj 
so that any number of rods may be connectec 
thetf screws, end to end, and on the lowermo 
the series of rods is fixed the boring implen 
c 2 
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Fig. 1 represents the principal instrument employed ' 
for boring through soft earth, such as clay, loam, 
chalk, &c. ; it is of a cylindrical form, with an 
opening or slit down its whole length, equal in 
width to one third of the circumference of the 
cylinder ; this construction having been found by 
the patentee to be the best suited for earths of a 
compact but not very hard nature. When, how- 
ever, the earth is very soft and yielding, an auger 
with a narrower slit is provided, only proportioning 
that part to the degree of tenacity of the earth 
which is to be extracted. At the bottom of this 
auger a'cutting edge is fixed at a, by screws, and 
adapted so as to take off and on as may be required, 
either to change or sharpen the instrument. • 

Fig. 2 is an implement of a follow conical 
form, with a" spiral worm wound round it ; which 
is for the purpose of boring through very loose 
sandy soils; the sand, as the boring proceeds, 
■passing along the inclined plane of the screw, until 
it arrives at b, when it is discharged into the hollow 
receptacle of the core. 

Fig. 3 represents another form of auger, which 
is employed for extracting mud, sand, and other 
very sofl matter ; it is a close cylinder, with a valve 
at c, part of the cylinder being broken away to 
bring it into view. It has a cutting edge. A, at 
bottom, as Fig. 1, and is employed in like manner: 
upon turning this auger, the soft, yielding> orHuid 
m^ter passes through the valve and fills the cylin- 



by Google 



21 

der, which, on being drawn up, the valve dtoBesi 
and secures the conveyance of the contents. 

Fig, 4 is a close cylindrical vessel, of the n 
of a bucket with a valve at the bottom (as shi 
Having a rope fixed to the upper end, it is dn 
down the hole, and, being alternately raised ai 
fall, it acts as a pump, to extract the liqu 
floating matter that may be contained in the 
Fig, 5 is another pumping tool, more con 
than the former; the cylinder being fitted ■ 
the manner of the common lifting pmnp with 
and bucket, e. In this instrument the ri 
Ufted at every stroke, instead of the whole . 
ratus, as in fig. 4, and has the preference 
particularly in, great depths. There are two 
and a guide piece at /, to limit the extent o 



* Fig. 6 is an instrument for extracting 
when broken in the hole: in its upper part 
like a pair of tongs, having at the lower e. 
cylindrical tube, and above it, at g, a chiseln 
tongue, which is pressed dowm^ards by a sj 
Upon lowering this iustrument into the hole 
upper end of the broken rod passes througl 
tube, pressing back- the tongue, which holds i 
and prevents its retunung, so that it may th 
drawn up out of the hole. This last meni 
form of instrument is sometimes employed wit 
pressing edges or tongues, similar to those e 
in fig. 7, at h, which is employed for precise 
same purpose ; the operation and construed 
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which will be best understood by referring to the 
engraved representation. Fig. 8 is another tool for 
raising broken rods, and adapted so as to lay bold 
of the rods by means of its chain undem&th their 
joints, and by that means be drawn up. 

Fig. 9 is an improved chisel-punch, employed 
for perforatii^ Btony matter by repeated pecking; 
the projecting middle piece, which strikes first, the 
' patentee finds to be of great advantE^e ; the blow 
is more effectual, and the firactured stone is thereby 
more easily displaced. Fig. 10 is another form of 
chisel, for chipping away hard substances, and by 
its peculiar construction likewise adapted to the 
operation of boring; the sides of the instrument 
are bent in an angular form, so as to present cutting 
edges, rounding and perfecting the whole as it is 
turned by the workmen. Its peculiar form is 
shown by the edge view. Fig. 11, i Fig. 10, find i 
Fig. 11, representing the same parts. 

Fig. 12 is the apparatus employed for ramming 

down the iron or other metal tubes wliich line the 

perforation after bjing completed. A block of wood, 

k, has an iron rod, I, fitted perpendicularly in it ; on 

this rod a weight, m, is made to travel or slide by a 

hole being passed throi^h it ;- the woodrai block 

being fitted into and over the edge of the upper end 

of the metal tube, n, the weight is raised by cords, 

and let fall upon the wooden block, thereby forcing 

down the pipe. When a piece of tube has thus 

been driven down even with the surface of the earth, 

• 
-shown at o, another [aece is fitted into it, and the 
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operation of ramming down' renewed as befoce. 
Another instrument for this purpose is sometimes 
employed, of the shape of an acorn, shown at Fig- 
20, which is mad^ to screw into the ©ad of the 
perforating rods, and beii^ let down into the 
hole, the lower part of the acorn tool enters the 
pipe, and the projecting rim, resting upon the ei^e 
of the tube, admits of its being forced down with 
an even bearing preBsure. Fig. 13 is an instru- 
ment constructed like a pair of tongs, armed at each 
end with two projecting cutting edges, as at p, which, 
on being turned round, cut like the sides i^ an 
ai^;er or gimblet, and are thus employed in paring 
or widening the perforation. l^ig. 14 is a tool 
formed like a double bow, employed for pressing out 
any indentations that may be accidentally made in 
the lining tubes, which are sometimes made of a soft 
metal, such as lead, or of a thin substance, such as 
copper or tinned sheets. Fig. 15 is another tool for 
the same purpose, forming a quadruple bow ; it is 
adapted for rubbing down smaller indentations, or to 
finish the work of the double bow tool. They are 
botii fixed like the other tools by screwing into the 
end of the rod, or series of rods, and operate by 
simply turning them round. 

Fig. 16 is a pair of circular clans employed 
for holding or turning round the tubes when being 
sunk ; being fastened together by means of screws, 
the pipe may be firmly held within their grasp. 

Fig. 17 is a tool of a pine-apple shape, used 
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for drawing up a piece of tubing when required. 
It is jagged all over li&e a rasp, and being 
Btruck down forcibly within the tube, it takes fast 
holdj and allows of its being dr^wn up. Fig. 1 9 is 
another implement for effecting the same object ; it 
is a kind of spear with four prongs : being forced 
down, the points pierce the tube, and enables it to 
be withdrawn. 

Fig. 18 is a.triangular instrument Tjith jagged, 
teeth, used for getting up loose stones which some- 
times lie in the h^le and impede the work: upon 
being struck down, the stone becomes fixed between 
the notches of the prongs, and is then extracted, • 

At twelve or more feet from the ground, a 
stage is erected over the hole. Upon this st^e is 
fixed a double-handed winch, with tackle complete, 
for two or more inen to work, in raising or lowering 
the instrument, &c., which becomes of great we^ht 
when the perforation has proceeded to a consider- 
able depth. Between this stage and the ground the 
men are employed either in turning round the instru- 
ments in the act of boring (which they do by the 
assistance of iron levers fastened crosswise to the 
boring rods by means of screw bolts), in screwing or 
unscrewing the rods and tools, or in the various other 
operations before described. 

^ The examination of the strata may be con- 
ducted in various ways. The geologist observes the 
position and quality of the strata, as shown on the 
surface of the earth, by jits " outcrop or basset," by 
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the natural sectione laid open to his observations 
in the cliffs of the sea shore, or by descending 
mines, quarries, and pits. The architect, it is 
true, has also these sources of observation at his 
coiunand ; but' his investigations must be of a 
more searching character, and being confined to 
a certain spot, his proceedings must be modified 
according to the exigencies of the case. These are 
neither few nor altogether easy of attainment ; for, 
although we have observed (p. 6) tiiat " the opera- 
tions of the architect, in his search after a solid 
substratum, do not extend to any very great depth," 
it must be understood, Chat the observation is applied 
as a comparison between .the excavations necessary 
for the erection of public works, and the more 
extensive operations of the same kind that are 
effected in the mining districts of Europe.* What- 

• He foUovi^ ue tbe depths of the deepest Shafts in the 

Pttbomi. Fact. 

1. The shaft called Hochrobichel at &e Kitspiiel in the 1 ^~j „ ■jon 
■ Tyrol \ 

2. ACopperMine, not nowatwork, attheSouthamptOD 1 »-, 2226 

Silver Mine at Andreasburg, in the Hartz . . . ( 
,3. Vatencisna Silver Mine at QuanaxuaU), Mexico . . 295 1,770 
Began in 1791, end reached its depth in 1809, 
when U was stopped b; the Revolution j it is 
probahl; the finest in the world, being octan- 
gular, 30 feet in diameter, and a great part 
walled with masonr]'; expense of sinking esti- 
mated h; Humboldt at £220,000. 
4. Pearce's Shaft at the AnsDlidated Mines (Copper), ^ 244 j 4gi 

Cornwall ) ' 

Hot sufflinentty productive to repay the draining. 
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ever may be the depth for the proposed foundation- 
levels of a building, the scrutiny of the architect or 
the engineer ehouH in no wise rest there; the 
stratum which underlies the intended works, is not 
unfirequently discovered to be of such nature as to 
subside gradually as the weight is added, carrying 
with it that portion of the building which stands 
thereon, together with its artificial foundation. 
Hence the expedient of boring the earth to ascer- 
tain the nature and number of the different strata, 
and, as far as is practicable by such means, to decide 
upon the quantity of earth to be excavated, and the 
length of piling required, should that meThod be 
adopted for the construction of the underworks. 
This preliminary procedure in practical operations 
is the more essential, as it places us in possession of 
certain facts and data, relative to the nature of the 



5. Wheal Abraham Copp«i Mine, Cornwall .... 

6. Dolcoatb Copper Mine, Cornwall 

Ptodnces nearly half the amount of the Conio- 
lidated. 

7. Ecton Copper Mine, Staffordabire 

Ooce one of the prindpal mines in England, but 
DOW inconuderable. 

8. Woelf ■ Shaft at the Consolidated - . . 

The bottom of this shaft is nearer the centre of 
the earth than anj other known point. 

The deepest coal Fit near Newcastle is Innou Pit, near > 

South Shields, which is J 

Working below the bottom of the pit 

Total . . 
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subsoil, without which the necessary examinatioii 
of the foundation-levels must have been both 
tedious and expensive. The excavations ne 
for building purposes being generally com: 
from the sur&ce, and carried on in a vert 
rection downwards, we must be allowed to c 
the chalk stratum as the lowest, in contra 
tion to the geological arrangement that plai 
the highest- stratum, when viewed with refei 
its outcropping position. The strata immi 
resting upon the chalk basin of London, coi 
a ■ series of layers, loose and friable in th 
tures, namejy, white sand, pebbles, marl, and 
upon this succeeds the " plastic clay fom 
and above this the great formation, cal 
" London clay." This latter stratum is in soe 
immediately under the vegetable soil, and fc 
general substratum of the metropolis; ht 
name. As there are certain exceptions ret 
the depth at which this stratum first appears, 
observe, that occasionally it is covered w 
general diluvial deposit to some coDsiderabh 
The foUowing remiarkable instance of the 
of the London clay was exhibited in prepa 
the reception of the foundations of St. Pai 
• thedral. The circumstance being barely rae 
by some, and incorrectly describe by other 
the author submits the following extract fir 
'* Parentalia," as the most authentic descrij 
the proceedings of the architect (Sir C. W 
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his search after a solid substratum.* " In the 
progress of the works of the foundations, the sur- 
veyor met with one unexpected difficulty : he began 
to lay the foundations from the west end, and had 
proceeded successfully through the dome, to the east 
endj where the brick-earth bottom was very good ; 
but as he went on to the north-east comer, which 
was the last, and where nothing was expected to 
intercept, he fell, in prosecuting the design, upon a 
pit, where all the pot earth had been robbed^ by the 
potters of old time. It was no little perplexity to 
fall into this pit at last ; he wanted but six or seven 
feet to complete the design, and this fel| in the very 
angle north-east. He knew, very well, that under 
the layer of pot-earth there was no other good 
ground till he came to the low-water mark of the 
Thames, at least forty feet lower; his artificers 
proposed to him to pile, which he refused : for 
though piles may last for ever, when always in 
water (otherwise London Bridge J would fell), yet, 
if they are driven through dry sand, though some- 
times moist, they will not. His endeavours were to 
build for eternity. He, therefore, sunk a pit of 
about eighteen feet square, wharfing up the sand 
with timber, till he came, forty feet lower, into water 
and sea-shells, when there was a firm sea-beach ; * 

• " Farentalm; or, Memoirs of the Family of Wrenaiby Stephen 
Wren, Son of Sir ChriBtopher Wren ; folio, edit. 1750, p. 386. 

t Taken from, or dug out. 

J In alluBion to the old Btnicture, now removed— the timber of the 
piles and tbe iron ehoes at their exttemity, were found sound. 
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which confirmed what was before asserted, that the 
sea had been, in ages past, where St. Paul's now 
is. He bored through this beach till he came to the 

oriffinal clay ; being then satisfied, he bega- *■ 

the beach a square pier of good solid mason 
feet square, till he came within fifteen feet 
present ground ; then he turned a short ai 
derground to the former foundation, whii 
broken ofi" by the untoward accident of t 
The number of extensive works with which 1 
tropolis abounds, and the number of wells, ol 
every description of depth,which have been ex( 
present us with a mass of information connect 
the sections of the strata immediately above tl 
chalk formation, which is of signal service 
archidfect and engineer, should his operatior 
in the locality ' of one of these chalk basini 
.extreme density of the London clay is 
to afford a highly fevourable 'substratum 
erection of heavy works, where it is nol inti 
by the river or streams. The plastic clay for 
on the contrary, is exhibited as containing nu 
springs, and is altogether of such a natui 
require the adoption of extreme precautiona 
sures previous to tiie erection of foundatio 
&c. &c. ^ 

The greater part of the London clay str 
of one uniform colour, extreme density, and ' 
thickness. . It is so impervious to water, tl 
necessary article cannot often be' obtained un 
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the stratum has been perforated to the depth of the 
ay formation. The inhabitants of London 
Ficinity have, however, a resource which 
le of the greatest manuiacturing conve- 
f the metropolis. This consists in the im- 
uantities of water held by the alluvium, 
mpplies to many of our factories, without 
rention of land spriags, at a greater depth, 
tions of the strata near London * have 
le by several scientific gentlemen. A few 
sns made on the subject of the blue clay 
by Mr. Parkinson, in a paper published 
Transactions of the Geolc^cal Society," 
: depth to be 200 feet in thickness ; f its 
r a few feet in the upper part was observed 
a ypUowish brown, but the remaining por- 
bited that dark bluish gray colour which 
) genera. It has been su^ested, that the 
s of colout remarkfed between its superior 
-ior part arises from a difierence in ' the 
' oxidation of the iron present in it : the 
a more particular cTtamination would ap- 
ustify the supposition, that it arises rather 
iifference of quantity, than the degree of 
mentioned above ; for " it is probably occa- 
Dbserves Mr. Parkinsofl^* by the washing 
this metal in the water which percolates 

tctioDB of the Geological Society, vol. i. p. 336. " Mr. 
a the Strata and FoMil Remaina near Loudon." 
articular locality ia not mentioned. At Epping, near High 
tbout 700 feet in thicknegi.— See Conybcare and Phillipi. 
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through it, and -which runs off laterally by the nu- 
• merous drains made near the surface." T' 
lowing sections, afforded by the preparation 
progress of several public works, will furthe 
bit the nature and uniformity of the London 
and will also serve aa a guide to the examine 
other strata situated within or near the local 
the several chalk basins. The indentity of st: 
the French coast, opposite Dover, with that 
own chalk formation, will be dwelt upon in ti 
on the Marmfacture of Bricks. 

SECTIONS OF STRATA 



Namn oT Woiki. 



N,..>>«-SJ;?3S£ 



Thamei 


Tunnel. 


Soulh Shaft,' 


chiefly in the 


plastic clajr 



Brentfor^ 
near Loudoi 



j 2. Yellow clay, about .2 . f 

(3. Lon^ clay (bard) 82 no vater ) 

Pmi. Id 
_ London clay 9 

2. Looae water; sand and grav. 26 8 

3. Hue day 3 

4. Loam 6 1 

3. Blue clay with shells, cMefiy \~ „ 



7. Light blue laminated clay, ) . - 
V with pyiitei ( * " 

C Fe«t 

Brick earth . 9 

Sandy gravel 7 

Loam ... 5 varies tram 1 to 9 feet 
( Sand & gravel 4 \"^'. ^^ \^ 8, 
\ i containing water. 

Blua cUy . 200 



Trai 
Civil 
p. IS 
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NunM of Works. 



/This Tunnel passes through tlie pla8tic~j 



Huthoiitlti eoDiDlted. 



Particulars of 
a well sunk at 
the Escise- 



l;,ventilated. 

'In the nrst plac^ after excavating the 
upper stratum of gravel and loose soil, 
four cast-iron curbs were sunk, each 

six feet lone; the lowest of these en- 
tered the clay about 3 feet ; the dig- 
ging was then continued through the 



Donkin 
(See 
. of In- 
on of 
Enai- 



narj way, the iron curb serving merely 
to support the upper stratum, and to 
prevent the land water getting into the 
well. Boring was then resorted to, 
to' tlie depth of about 20 feet, when 
the water appeared, and rose to within 
60 feet of the top of the well ; a copper 
pipe was then driven through the last 
mentioned 20 feet, to keep the paAage 
_open for the supply. ' 

Church of St. 4^I^B church (Tower) stands upa 

Mary-le-Bow, Fancient concrete causeway 18 iei 

Cheapside. ( low the praetU level, wmcb present wSee Vetuata 

(See Engrav- level has been artiflciaHy raised during Monumenta)" 

ing, Hate 3.) [the ct>urBe of »( 
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Our observations upoa the strata immediately 
above the chalk need not be extended any further, 
since from experience and investigation the following 
facts may be deduced": — 1st. That there are only 
two'strata of the series alluded to, which possess die 
advantage of sufficient consolidation for the support 
of works of magnitude ; these are the gravel and the 
London clay. As the thickness of all strata varies 
considerably, some general rule ought to be adopted 
for preventing, as much as possible, a premature set- 
tlement in the intended structure. Referring to the 
former stratum we mayremark, that when there occur 
a series of thjn beds, almost approaching to laminae, 
they should be wholly discarded, orsuch means adopted 
as are hereafter mentioned, to render the substratum 
of sufficient density for the intended purpose. But 
when the bed of gravel is consolidated, or partaking 
of the nature of a conglomerate, and of a thickness 
equal to the mean distance between the principal 
points of support, then the foundation may be 
deemed secure and built upon accordingly. The 
London clay stratum is so well known to most metro- 
politan builders and architects, as to need but slight 
remark from us. Its extreme density and uniformity 
of character renders it one of the most secure of the 
natural strata. The extent of its subsidence by 
compression is trifling, and its thickness for the most 
part is very considerable. There are, however, certain 
situations near the banks of the Thames where this 
stratum exhibits a sudden deficiency of depth, conse- 
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has been resorted to in many ex- 
in that locality. It will appear 
uch must be left to the skill and 
rchitect ; his proceedings may have 
nsiderable modifications according 
ies of the cases as they occur in 
Ithough we may cite precedents for 
idance, it will be necessary, in the 
point out the difficulties that are 
leset the practitioner in the course of 
ind the means best adapted for the 
nplishment of the end he has in 
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CHAPTER II. 

ON PILE DRIVING AND PILING. 

Without some arti6cial means for consolidating 
loose and friable strata, extensive excavations must 
frequently be made for works, whose extent and 
magnitude are not otherwise of sufficient importance 
to warrant so costly a proceeding. 

On the other hand, where the removal of exten- 
sive tracts of objectionable strata would be desirable, 
but is prevented by the interference of some colla- 
teral cause, then the operation of artificied consolida- 
tion must be. resorted to, either by piling or con- 
creting the entire surface. The artificial substratum, 
so frequently met with in the 'metropolis and its 
suburbs, technically termed made earth, consists of 
dry rubbish and refuse, with which deep hollows are 
refilled ; or otherwise, consist of loose earth, thrown 
up from the excavations of a contiguous work. 
Mounds of this kind, or the treacherous surfaces of 
newly raised ground, are excessively annoying^ and, 
if built upon, require extreme precautionary mea- 
sures. The foundations of the celebrated Albion 
Mills, near Blackfriars, were laid upon a substratum 
of this kind, and afford a good example of the 
D 2 
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successful application of scientific resources to a 
work of considerable magnitude and difficulty. 
Mr. Farey* thus describes the plan : "The building 
for the Albion Milb was erected upon a very soft 
soil, consisting of the made ground at the abutment 
of Blackfriars Bridge. To avoid the danger of set- 
tlement in the walls, or the necessity of going to a 
very unusual depth with the foundations, Mr. Rennie 
adopted the plan of forming inverted arches upon 
the ground, over the whole space on which the 
building was to stand, and for the bottom of the 
dock. For this purpose the ground upon which all 
the several walls were to be erected, was rendered as 
solid as is usual for building, by driving piles where 
necessary, and then several courses of lai^e flat 
stones were laid, to form the foundations of the 
several walls; but to prevent any chance of these 
foundations being pressed down, in case of the soft 
earth yielding to the incumbent weight, strong in- 
verted arches were built upon the ground, between the 
foundation courses of all the walls, so as to cover the 
whole surface included between the walls ; and the 
abutments or springing of the inverted arches 
being built solid into the lower courses of the 
foundations, they could not sink, unless all the 
ground beneath the arches had yielded to com- 
pression, as well as the ground immediately beneath 
the foundation of the walls. By this method the 
foundations of all the walls were joined together, so 
• TrestiBB on the Steam Engine, by John Farey, p. 515. 



by Google 



37 

as to form one immense base, which would have 
been very capable of bearing the required weigi ' 
even if the ground had been of the consistency 
mud, for the whole building would have floatt 
upon it, as a ship floats in water; and whatev 
sinking might have taken place, would have affect 
the whole building equally, so as to have avoidi 
any partial depressions or derangements of the wal] 
but the ground being made tolerably hard in adc 
tion to this expedient of augmenting the bas^ 1 
inverted arches, the building stood quite firm." 

Notwithstanding the considerable density e 
hibited by the London clay, such density is by i 
means invariable. The sandy, loose, and mudi 
layers, which occasionally intervene throughout tl 
formation, have been repeatedly met with, and caus 
considerable annoyance and interruption in the pi 
secution of works that required extensive excavatii 
operations. The excavations of the Albion Mills, t 
Highgate Tunnel, the Thames Tunnel, the CatKeri 
Docks, and many other public works in this meti 
polis. Have proved to be so many exceptions to tl 
invariable density of the London clay. It must be ei 
dent, therefore, that piling is of necessity resorted to 
those instances where the thickness of the loose stratu 
is too great to admit of a denuding operation beii 
effected. There is another circumstance which mer 
particular notice as connected with the foundations 
buildings upon the clay. This is, the sudden sheivii 
or thinning of the stratum near the banks of the Than 
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on the Kentish or Surrey shore. The perforation of a 
few feet ironi the surface enables us to pierce through 
the London clay, and enter the next formation, called 
the plastic clay. Now the nature of this latter stratum 
is frequently such as to yield considerably, with the 
addition of a moderate weight placed upon its surface. ■ 
Its depth being considerable, piling is not always 
advantageous, as, on the one hand, the density of the 
soil will not admit of sufficient fraction on the sides 
of the piles, and on the other, the depth being too 
great for the feet or pointed ends of the piles to 
pierce entirely through and rest upon the chalk. In 
a case of this kind, therefore, a concretion of the 
entire surface is, perhaps, the most secure artificial 
substratum. Buildings may, however, be erected 
upon a yielding soil when certain means are taken 
for their proper equilibration, as is shown in the 
example of the Albion Mills. Piles and piling are 
of various denominations. The square pile, for 
heavy works, consists of a long piece (or stick, as it 
is technically termed) of timber, roughly squared, 
bound at the upper end with a hoop of iron to 
prevent its splLttii^ from the blows of the ram, 
and protected at the lower extremity with iron 
-shoes forged to the shape required, in order that 
the pile may be driven with greater certainty, and 
through any obstacle that may obstruct its pro- 
gress downwards. Previous to entering upon an 
investigation of the nature of piling, we shall 
direct the attention of the reader to the various 
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machines used for the purpose of driving piles into 
the ground. The old pile machine represented in 
the annexed figure, is composed of two upright 



grooved posts B, supported by side braces G G, 
Bxed upon the sole F, and attached to the back stay 
E ; this is connected above to the two uprights, and 
below to the forked framing H, also secured to the 
sole F. The ladder for mounting to the top of the 
machine is shown on the back stay E. The ram A, 
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o drive the pile D, is, in this instance, 
o be a large block of well-seasoned wood, 
nd with iron, top and bottom, to prevent 
litting. It has two tenons or ears stopped 

driven in behind, for the purpose of keep- 
rween the grooved posts. There is also 
receive a hook K fastened to two cords, 
ing over a pulley placed at the top of 
tprights. The weight of a wooden ram 
ly about 800 lbs., so that the effectual 
>f this machine would require at least 
f twenty men, whose exertions, indivi- 
isidered, would represent a very effective 

collectively employed upon the machine 
■presented, will show a very serious loss of 
Qsidering the means employed. In order 
n the defects of this pile-engine, it will be 
to examine the manner in which the com- 
rgies of the workmen are directed to pro- 
action of the ram. The arrangement of 
ine is that of a cord passing over a fixed 
The tension of the cord being uniform 
It its length, it follows, that in an applica- 
iis kind the power and weight are equal, 
eight stretches that part of the cord which 
a the weight and pulley, and the power 
Jiat part between the power and the pulley. 

the tension throughout the whole length is 

the weight must be equal to the power.* 

* Lardner. 
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Theoreticallj' considered, we obtain no "me- 
chanical advantage by this use of the pulley, but in 
its practical applications we are enabled to give to 
the moving power a more advant^eous direction, 
and with greater facility than without such adventi- 
tious aid. Muscular energy may therefore be exerted 
variously by the means already described. By mus- 
cular exertion a man may so fiir overcome the 
resistance as to raise his own weight: but in ordinary 
cases, in raising the arms to lay hold of the cord, 
and then bending himself as low as is convenient, he 
can scarcely raise above 70 lbs. ; which is about 
half the weight of his body, commonly estimated 
at 140 lbs. We have supposed the cord to be drawn 
vertically ; for if it was drawn sideways, the weight 
or force applied to it would decrease as the obliquity 
increases. To apply this reasoning to the machine 
in question, we are to consider that the ten men 
who are exerting their powers at the ends of the 
cords attached to the main rop^ I L, can only 
draw obliquely to the vertical line I 'N, and the 
same also with respect to the main ropes, I L; 
since in both cases they form a circle, in which 
those who are opposite to the others destroy reci- 
procally a part of their power, which is here an 
inevitable defect, since it is necessary that the 
ten men should be placed around the machine 
in order to act together. It is not the same with 
the obliquity I L; this may be applied in a more 
vertical direction, by passing the cord MIL over a 
wheel, 4 or 5 feet in diameter, instead of the pulley. 



by Google 



42 

which seldom exceeds 10 or 1 1 inches. The improve- 
ment effected by the use of the wheel experience 
has fully confirmed; sixteen men being enabled 
thereby to effect the work of twenty men by the 
former method. It remains now to be shown in 
what manner the machine is to be constructed, to 
supersede the use of the pulley. By referring to 
figs. 1 and 2 will be seen the plan and side elevation 



of the apparatus. To render the pile-machine sus- 
ceptible of the preceding advantages, it is only 
necessary to modify the top part of the machine. 
A marks the two grooved uprights, crowned with a 
cap B ; each of the posts is connected with a piece 
placed horizontally 3 feet under the cap B ; these 
pieces are fastened together with a cross-quarter 
of timber, supported by the back stay G, which 
is fixed in such manner as not to obstruct the posi- 
tion of the w:heel E F, which has its nave pierced 
with a square iron, from which the axle projects, 
and rests upon its bearings D. A steadier action 
and greater solidity is gained by thi? method than 
if they were not united with the square iron inserted 
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into the nave of the wheel. The wheel is supposed 
to be 4 feet 6 inches in diameter, measuring from 
the rope channel, and distant from the posts A, about 
3 feet. This arrangement enables the men to ope- 
rate with greater facility, having more root "" ' 
placing themselves around, and enabling th( 
pull in a more vertical direction at the othe 
EH; the more so, as the back stay and lade 
not being in the way, the sixteen men are emp 
in pulling only one rope, and not divided int 
separate gangs — the action in the latter case ■ 
being perfectly alike. Another advantage 
derived from the use of the wheel is, that th< 
only one movement required to .counterpoi 
namely, about one-third of the circumferen 
the wheel for each blow — it becoming great 
the acceleration that the ram acquires. The p' 
on the contrary, in consequence of the smalln 
its diameter, makes nearly two revolutions whe 
ram rises or falls, thereby causing additional i 
ance by the stiffness of the cords. In conclusio 
may remark, that, rude as the present contri 
may appear, a pile may be driven by it with 
expedition, as it is effected by a series of ; 
shocks given in succession. The workmen ai 
however, take advantage of the rebounding t 
ram by pulling immediately that effect takes j: 
much labour may be saved by attention to this 
The advantage of this form in isolated situati. 
obvious. A workman, unaccustomed to the arr 
ments of machinery, may in a few hours const] 
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powerful machine like the one represented. By in- 
clining the grooved upright posts (technically termed 
shears) the machine may be altered for the purpose 
of driving piles in inclined positions for embank- 
luents, abutments, &c. It must at the same time be 
distinctly understood, that it will not bear to be 
brought into competition with the machines now 
in general use, where two men, with the aid of 
a wheel and pinion, will effectually perform the 
driving pf larger piles that would require sixteen 
men using the one described^ and for which 
the above calculations have been made. Figs. 3 
and 4 are further improvements on the ordinary 
machine, and are intended for raising a weight 
or ram 12 or 1500 lbs. by the action of three 
or four men applied to the windlass A, fig. 3, or 
the capstan B, fig. 4. It is e\-ident that longer time 
is required for working this machine, but the force 
is considerably greater : therefore machines com- 
bining this arrangement are more generally em- 
ployed for heavy works, such as bridges, &c. The 
power, liowever, is far from being applied in a 
vertical direction ; and time is also lost in releasing 
the hook C from the weight E, as well as in re- 
placing it after the ram has descended. The ad- 
vantages of fig. 3 chiefly* consist in its capability of 
being used for driving piles in angles, as well as the 
addition of the hook C for releasing the ram by 
pulling the rope F, which could not otherwise be 
accomplished. When piles are driven in rows fig. 4 
is more convenient, as it admits of being easily 



by Google 



b, Google 



removed from place to place. The shears are 
placed in the centre of the triangular framing. ' 
Fig. 3 has no shears, but simply an upright post. 
The ram slides on this, and is guided by two pieces 
of bent iron, or ears, instead of the grooves. Piles 
driven in horizontal positions are either driven by 
an engine similar to. a battering-ram, or, according 
to Belidor, by slinging ropes round a long and 
heavy piece of timber, and throwing it forward by 
the united power of six or eight men against the 
head of the pile. 

The successive additions and improvements 
effected in the construction of the pile-engine were 
the pincers or tongs, under several modifications; 
followed by the engines of Valone and Bunce. A 
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further improvement on the last-mentioned machine 
has left the pile-engine in that state of perfection in 
which- we now find it. Its simplicity and efficacy are 
such, that it has nearly siiperseded all others, and 
is the modification now universally employed in 
large works where piling is required. Figs. 5 and 6 
represent the improved pile-engine. 

A A are the grooved upright posts, having 
pieces bolted on, forming the grooves for the cast- 
iron ram B B to slide in. Two men working at 
the handles E E cause the drum to revolve, round 
whicli the rope coils. The motion of the drum is 
communicated by a pinion fixed on the axle of the 
fly-wheel F, and takes into a toothed wheel placed 
on the axle of the drum. On this axle also is a 
ratchet and pall, to prevent the ram falling should 
the workmen leave the en^ne. The pincers A A • 
and D D (fies 7 and 8) are fixed to a block of 



Fio. 7. Fio. 8. 

wood, C C, (same as fig. 8) called the follmoer. 
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sliding in the same grooves with the ram. The 
rope is fixed to the iron B B (fig^. 7 and 8) in the 
centre of the follower. Now, the ram being raised, 
the ends of the pincers will pass between the 
inclined planes D, at the top of the engine (fig. 6), 
and by compressing the top of the tongs will open 
the lower ends of them, which clip a ring on the 
top of the ram, and consequently liberate the weight 
and allow it to fall on the head of the pile. The 
pall is then released from the ratchet, and the tongs 
and follower slide down and again lay hold of 
the ring on the top of the ram D (fig. 7). Occa- 
sionally the tonga are made with rollers, A A 
(fig. 8), on the ends, in order that they may pass 
with greater ease between the inclined planes. 
When the tongs were first introduced, a strong 
spring was fixed upon one of the levers to keep 
thera closed when they had taken their hold of the 
ram. This is now discontinued ; for, if made with 
sufficient weight of metal, they will hold with equal 
security. 

To estimate the power of these machines we 
must multiply the weight raised into the velocity it 
acquires in falling. 

Let 10 = weight of ram 

V = velocity of feet per secdnd 
Then w + v ^= momentum of stroke upon the head of the pile. . 

As per example, let us suppose the weight of the 
ram = 800 lbs., and the height fallen through in one 
second of time = 16 feet,* then 800 + 16 = 12- 

• See Law of Falling Bodies. 
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800, the force with which the pile ia struck by the 
ram. If pulleys or a windlass be employed to raise 
the weight to a considerable height and then sud- 
denly disengage it, and the momentum of the 
stroke will be as the square root of the space ftillen 
through. The inductive reasoning on this subject 
by an intelligent Engineer (Mr. Nicholson) is thus 
explained: — " Notwithstanding the momentum or 
force of a body in motion is as the weight multi- 
plied by the velocity, or simply as its velocity when 
the weight is given, or constant ; yet the effect of 
the blow will be nearly as the square of that 
velocity, the effect being the quantity the pile is 
driven into the ground by the stroke. For the 
force of the blow, transferred to the pile, being 
destroyed in some certain definite time by the 
friction of the part within the earth, which is nearly 
a constant quantity, and the spaces in constant 
forces being as the squares of the velocities, or, 
which is the same thing, nearly as the height fallen 
by the ram to head of the pUe." 

The following formida is employed by an 
eminent Engineer for the purpose of ascertaining 
the resistance of a driving or driven pile ;-r- 



In Cwta. 



Let 10 = Weight of lam 
p = Ditto of pile 
h = Height fallen throt^h by run, in inches. 
d = Descent of pile by one blow of ram. 
Then w. ft» ) 

( = The weight which will just liiik the pile. 
(Pio+p) 

Having now minutely examined the mecha- 
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nical construction and practical effects of these 
machines, we proceed with our inquiry relative to 
the degree of security afforded to the foundations of 
buildings by t^e appUcatioa of piling. We esteem 
the opinion of those men whose genius, talentB, and 
industry, aided by' extensive practice, have con- 
tributed so powerfully to raise architecture to its 
distinguished position in the rank of sciences; and 
upon the authority of one* (corroborated by the 
experience of ages) who stood proudly pre-eminent 
in mathematical skill, and its application to the 
above noble purposes, do we affirm, that the dura- 
bihty of piling, when properly employed, will 
outlast the durability of the superstructure itself. 
The premature decay ^t has occasionally occurred 
to the piUng employed in nmny extensive works, 
has not arisen, in any instance, from the inefficiency 
of the material employed-^that is, when the ma- 
terial (timber) has been selected from among the 
best of its kind. A sine qvd non with us in the 
judicious appUcation of piling, is the most complete 
and perfect imbedding of the piles in the sub- 
stratum; and also, the most effectual covering of 
their surface, by the masonry or other material 
being perfect in-bed, and well flushed with the 
mortar or other cement employed. Alternating 
exposures to heat and cold, dry and mokt, together 
with the never-failing destructive effects of that 

• Sir Christopher Wren. 
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most powerfiil of all menatniums, the atmosphere, 
are among the real and most active enemies of 
piling operations. Another and no less insidious 
enemy exists in the " pile worm ;" a creature that 
resolutely attacks the timbers, and speedily destroys 
them. A few years since the Author had an 
opportunity of examining the remains of some 
piling which had been destroyed by them : the piling 
was completely riddled with holes, and the interstices 
partially filled with sea-sand. The dikes of Holland 
hare suffered severely from their ravages; but a 
method has been devised* for the protection of the 
piling, and appears to answer tolerably well. In 
this country Kyanised timber (as it is termed) has 
been extensively employed, and its beneficial effects, 
as a remedy for the dry-rot, have been most satis- 
factorily proved. 

The most important applications of piling to 
the purposes of architectural construction may be 
classified under the following heads : — 1st. Of piling 
for the foundations of bridge and other piers. 2nd. 
The application of piling to river, wharf, and em- 
bankment or retaining walls, including the varieties 
of close, grooved, plank, and inclined piling. The 
practice of piling for the support of such a cumbrous 
mass of materials as the bearing piers of a bridge, 
has been most generally obferved, and is generally 
found to be adequate to the purpose. To confirm 
these observations, we shall instance at least three 

• See Fhilog. Ttma., No. 455, SecL 5. 
e2 
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important desiderata that are attained by a judicious 
application of piling : — 1st. As a convenient and 
secure method of passing through a loose soil to one 
of sufficient density for the support of great masses 
of weighty materials. 2nd. As a powerful assistant 
in consolidating loose or wet soil to a considerable 
depth. And, lastly, piling may be properly con- 
sidered as the insertion of a firm strata opposed to 
an inferior one, by being placed at right angles to it. 
The piling and interstices between the pile, taken 
collectively, may be considered as a solid mass, 
whose friction against the sides of the surrounding 
earth will have a hold upon the soil, at least in 
proportion to its actual superficies. In a tenacious 
or compressed soil the amount of friction is the 
same for a single pile, fully demonstrating the 
security of this application of timber to the purposes 
of a "most important branch of construction. The 
foundations of the bearing piers of Southwark iron 
bridge exhibit a very fevourable illustration of the 
application of piling to pontile architecture. (See 
plate 2.) The piers were surrounded with a coffer- 
dam, constructed with three rows of piles of whole 
timber, enclosing a space elliptical on the plan. 
Each pier rests upon a massive timber platform, 
supported by piles ; close to the outer edge of the 
offsets of the pier a n^ of timber sheeting piles 
were driven : this uniform belt of timber forms as 
it were a close stationary dam. preventing the 
substratum upon which the piles rest firom being 
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pressed outwards by the weight of the pier ; a cir- 
cumstance that frequently takes place where piling is 
employed, and the work heavy. Thiscirci 
well known to miners, and maybe thus di 
If a level Cin a mine J be driven one or t\ 
yards underground through the solid 
will be no danger of its not continuing e: 
indefinite length of time ; but if the sid 
only of the level be formed in the roc 
bottom be cut through into a bed or sul 
clay, however strong and stubborn it ma 
pressed by the weight of the superincun 
it will by slow degrees swell and rise up ii 
and, unle^ it be continually pared do 
vented by some means, the level will, i 
length of time, be entirely choked up.* 
ling operations this tendency of the soft 
swell and rise up is effectually counterai 
inverted arch formed under the road' 
tunnel. The Blisworth cutting on the B 
line of railway also exhibits an exan 
inverted arch, adopted as a precautiouE 
against the rising of the soil. In the 
this mode of proceeding became the mor 
as the rocky stratum through which the cii 
was underset or supported by retaining w 
sequence of tlie intervention of the weald 
underlies the rocky stratum. Close piling 

■ Seaward on the rebuilding of London Bridge. 
t This Blratmn ia subject to ji!ip«, carrying with it the 
ttrAtum. The presence of moiBture in this clay conve 
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by driving two piles at a distance apart ; thrae are 
connected together by bolting pieces of timber to 
them longitudinally, technically termed jvailit^- 
pieces. Grooved and plank piling is executed by 
grooving the piles, and introducing the edge of a 
plank of timber into the grooves. This latter 
description-of piling is more irequently employed in 
the construction of coffer-dams, as it generally super- 
sedes the necessity of puddling the joints with clay ; 
grooved piling is, however, very liable to disarrange- 
ment. When the pier is completed (in bridge build- 
ing), the piles forming the dam^e with drawn. The 
timber generally employed is either oak, elm, or 
beech. The coffer-dams of liie new London Bridge 
were of an elliptical form, and consisted of three 
rows of piles dressed in the joints, without grooving ; 
some of them measured between eighty and ninety 
feet : they were all puddled with clay, and shod 
with iron. 

The foundations of the piers are raised upon 
piles of beech wood, on the heads of which were 
laid two rows of sleepers, 12 + 12 inches, covered 
with level planking, six inches in thickness. 
Occasionally a strong grating of timber is laid, 
and between the openings or chequer-work of the 
framing the piles are inserted, and driven. Border 
piling is also driven round the exterior of this 
grating. An essentia] precaution is necessary in 
commencing the piling in this instance; namely, 
by driving the first piles in the centre of the 
framing, and proceeding with the work outwards. 
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to prevent the earth becoming too compressed 
in the ceiltre ; which would be the cafte if the 
piling was commenced at the outer row of iiiterstices, 
br on the border of the grating. 

Id some situations, the grating of timber, is 
Covered with thick plankiag, &nd the pier is built 
upon it, without piling. 

In coffer-dams the lai^er jales fece the water, 
and the double or tri|^e rows are of smaller scant- 
ling. Plank or other piling driven obliquely into the 
earth is only bevelled on one side of the lower end ; 
and such piles, if of small scantling, are charred on 
their extremities, instead of being shod wi^ iron. 
The thickness of short piles may be allojffed = -J-j- 
of their length ; but for long piles the average dia- 
met^ is 14 inches. Plank piles are from 3 to 5 
inches thick, according to their lengths. It is 
a fact worthy of observation, that some failures 
have occurred in buildings of magnitude, in con- 
sequence of the premature destruction and decay of 
their artificial foundations, and not from a subsidence 
of the soil ; it therefore becomes, a highly import- 
ant conBideration to trace the causes originating 
these destructive effects, and to suggest such re- 
medies as appear to us based upon a philosophical 
and scientific view of the subject. The most perni- 
cious effects have hitherto resulted fixim a practice 
which, by force of example alone, has gained 
considerable ascendancy ; we allude to the practice 
of raising the superstructure upon plaining, or balks 
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of timber laid flat upon the soil, without any furthe*- 
preparation than the mere levelling and raraming o 
the ground. 

As the proximate cause of most failures is sup- 
posed to arise from the subsidence of the substratum, 
tiie Intervention of an artificial stratum of greater 
density is the most obvious means to remedy this de- 
fect It is probable, therefore, that a stratum of sound 
timber laid horizontally was supposed to meet the 
difficulties of the case. Upon a sHght consideration, 
it will be perceived that a more unscientific plan 
could not well have been adopted. In the employ- 
ment of timber for the purpose of receiving or 
counteracting the effects of heavy strains, the force 
should be directed in such a manner as to cause 
compression of the fibres at the extremities of those 
fibres, or an extension of them by causing the force 
or thrust to be exerted in the direction of their 
length. A longitudinal framework of timber, laid 
horizontally and subjected to an enormom pressure 
by the weight of the superincumbent materials, will 
so far compress the fibres of the materials in the 
direction of their breadth, as to cause a serious and 
alarming disturbance in the equilibrium of the 
building ; and eventually to ensure its destruction. 
The extensive settlements of the store-bouses at 
Chatham and Woolwich, have, in a great measure, 
arisen from this reprehensible mode of construction. 
With a view to show the enormous weight that 
timber will beeir when used as vertical columns or 
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prisms, we here subjoin the crushing weight of 
different species of timber, deduced from an ex- 
tensive set of experiments made by the late Mr. 
Remiie. 

lbs. 
Elm -x r 1284 | 

Wliitodeal S Oibesof oneinch < 192B K CniBMng weight. 



deal i 

hoftk J 



Eagliah oak > ( 3860 ) 



Prisms of seasoned oak two inches square, and 
in height two, four, and six feet, were crushed by 
vertical pressures of 17,500, 10,500, and 7,000 lbs. 
If four inches square, and of the same altitudes, 
the following loads were required to crush them; 
namely, 80,000, 70,000, and 50,000 lbs. Another 
vital objection to the practice of plankii^, &c., 
is, that a great portion of the timber remains 
exposed to the action of alternate damps, and the 
corresponding destructive influence of the atmo- 
sphere. Light sandy soils, in low situations and 
near lai^e rivers, are particularly subject to the 
influence of the tides ; filtrating upwards with the 
flux, and again becoming dry with the reflux : con- 
sequently the timbers are ' alternately subjected to 
dryness and moisture, by being placed on the 
surface of the ground, instead of being buried be- 
neath it. On a clay soil the evil is not of less 
magnitude. The retentive nature of the clay wiU 
continually expose a wet surface to the ufiderside of 
the timber, while the other surfaces will remain in 
various statea and temperatures : decay rapidly 
ensues, and the building fails, by the premature 
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destruction of the very means adopted for its pre- 
servation. While we justly condemn this mode of 
building, on defect of principle, we are bound to 
mention that there is every reason to hope that the 
pr^ervation of timber from the premature eflfecta of 
the rot has at length be^i efiectually accomplished. 
To counteract the destructive influence of tJhe 
atmosphere, and to secure timber from the effects 
resulting frwn exposed situations, has occupied the 
attention of the scientific experimentalist for a long 
succession of years. The antiseptic qualitira of 
coal-tar have been long known, and in many in- 
stances, where perseveringly applied, have been pro- 
ductive of considerable benefit. Although the 
recent invention of Mr, Kyan would appear to 
leave nothing to be desired, yet there are still many 
who place considerable reliance on the former me- 
thod of preserving wood and metal. The simplicity 
of the operation, and the cheapness of the materials 
employed, are lu-ged as additional recommendations 
to the use of the anti-corrosive composition. In the 
year 1822, Mr. John Oxford procured letters patent 
for an improved method of preventing " Decay in 
Timber, Metallic Substances, and Canvass, &c." 
This was proposed to be accompUshed by the fol- 
lowing method :— The essential oil of the tar is 
first extracted by distillation, and at the same time 
saturated with chlorine gas. Certain proportions* 
of oxide of lead, carbonate of lime, and carbon of 

* See specification in the Repository of AfU, Vol. lsiii>, N. S. 
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purified coal-tar. are well ground, and n?" 
the oil ; the composition is then appliei 
coatings to the substances intended to be 
The penetrative qualities of this compoun 
siderable, and may be employed with ad 
many cases. An American patent has ver 
been granted for a similar purpose ; and ' 
dients of the antiseptic fluid are nearlj 
with those already described; the meta 
however, consists of iron. Since the je: 
gentleman of the name of Kyan pros* 
immense number of experiments on the 
don of timber ; and " at length ascerta 
albumen was the primary cause of putrefi 
mentation, and, subsequently, of the decG 
of vegetable matter." The affinity of 
sublimate for this material was not mikn 
the credit is due to Mr. Eyan for si 
following up by a well-conducted series > 
mentSj and ultimately deciding in a most s: 
manner, that vegetable matter may, by 
with the bichloride of mercury, be effectu 
to resist the effects of putrescent fern 
This, therefore, forms the basis of an ii 
which is likely to prove, above all otl 
similar kind, a most powerful agent for 
finite preservation of a great variety of 
substances. Its application to the presei 



■ Now jn the hsndB of a respectable company, called 
Dry Rot Company." 
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timber may justly be ranked among the most 
important baiefita conferred upon society by the 
hand of science. The appKcation of iron for the 
purpose of piHng has recently been adopted in some 
situations that are likely to prove severe tests of its 
applicabiUty, and, if successful, to warrant a more 
fxtended use of this material in a variety of situa- 
tions where timber piling might be considered 
objectionable from its exposed position. In an 
admirable memoir on the subject of iron piling, 
published in the first volume of the " Transactions 
of the Institution of Civil Engineers," it is therein 
stated, that the introduction of metal for the purpose 
of piling originated with Mr. Mathews, of Brid- 
lington, previous to the year 1822. A gentleman of 
the name of Ewart (now of Her Majesty's Dock 
Yard at Woolwich) secured by patent, in 1822, a 
plan for the construction of iron piling, applicable 
■ to the formation of coffer-dams. It appears that this 
invention was not originally contemplated for the 
purposes of permanent piling ; notwithstanding 
which, subsequent adaptations to the latter purpose 
lead us to infer that they are all derivable from the 
mechanical arrangement exhibited in the plans of 
Messrs. Mathews and Ewart. The priority of in- 
vention, however, is most justly due to the former 
gentleman ; Mr. Ewart having matured his invention 
without a previous knowledge of the proceedings of 
Mr. Mathews. 

Mr. Ewart's plan has been most successfully 
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carried into execution, under the able direction 
of Mr. Milne, the Engineer of the New River 
Company, at Broken Wharf, ajid by Mr. Hartly, 
of the Liverpool Docks, at the basin of George's 
Dock at Liverpool. A detailed illustration of the 
construction of the piling is shown in plate 3,* 
which is fully explained in the accompanying 
reference to the various figures. Fig. 1 is a plan 
of three metal piles, united together by cramps of 
cast-iron. The cramps B are made to fit and slide 
easily on the dovetailed ribs or ledges a, when the 
piles are placed side by side, yet sufficiently dove- 
tailed to retain the piles or plates in their proper 
situations in relation to the cramps. Fig. 2 is a 
plan of the heads or upper parts of the piles, 
and cross sections of the cramps for securing 
them at their vertical joinings. Fig. 3 is a back 
elevation of the piles as- seen in' the inside of the 
cofTer-dam, showing also the horizontal joinings 
where additional lengths of piles are required. 
Fig. 4 is an end view of one portion of a pile, 
detached at tlie horizontal joint. Figs. 5 and 6 
are views of the cramp and wedge for securing the 
piles at their joints. Fig. 7 ia a side view of one of 
the vertical cramps B. Fig. 8 is a view of that 
part of the same cramp which is applied next to the 
piles. Fig. 9 is a cross section of the lower part of 
the same cramp, through the line op. Fig, 10 is a 
horizontal plan, of the form of a cofier-dam, for the 

* Collated principallf from the SpeoificatioitB given in tbe 43t<d 
Tolume of die Repertory of Patent Inventiong. 
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foundation of a pier. Fig. 1 1 is a plan of part of 
a cofier-dam, showing how the piles are arranged 
round it. Fig. 12 is an end view or elevation of 
part of the same. Fig. 13 is a plan of three piles, 
the middle one being curved to admit of expansion 
and contraction in the line of piles on each side of 
it. Fig. 14 is a horizontal section of two cast-metal 
piles, united at their vertical joints by cramps cast 
in one piece with the piles. Fig. 15 is a horizontal 
section of three piles of wrought-iron, united at 
their vertical joints by cramps of wrought-iron 
or cast-metal. The patentee states, in his speci- 
fication, that the piles are made in portions of 
various lengths, generally from 10 to 15 feet, but 
shcalier or longer when required. The vertical 
cramps are also made of various lengths, corre- 
sponding to the lengths of the piles, aloi^ which 
they are continued from top to bottom ; but so that 
the joints of the cramps, end to end, shall never be 
in the same horizontal line with the joints of the 
piles which they connect. When necessary, these 
cramps are strengthened by making them thicker 
than shown in the drawings, or by adding a rib to 
them as represented at c. Fig. 1. The construction 
of this kind of piling has been successfully modified 
in its application to various works, by Messrs. 
Walker, Cubitt, Sibley, and others ; the plan de- 
vised by Mr. Sibley exhibits the greatest deviation 
from the original idea ; and, in fact, may be almost 
considered as a distinct invention. These piles were 
made hollow, and when driven, were filled with 
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concrete. With respect to the effect produced by 
the pile-engine in driving iron piling, it may be 
justly inferred that considerable care and attention 
must be requisite, in order that a blow of the ram 
should fall with its due eiFective force upon' the 
exact centre of the pile-head. The great danger of 
striking piles of timber obliquely, when it is the 
intention of the engineer to drive them at right 
angles to the hori2on, has been strikingly exem- 
plified at Westminster Bridge, where the rupture of 
two arches of that structure was occasioned by a 
defect of tbjs kind. The iron piles at the Bruns- 
wick Wharf were driven with a ram weighing from 
13 to 15 cwt., with a fall of thiee feet six inches 
only ; in some cases the fall was even limited to 
a leas extent. The crab-engine was invariably used 
for this purpose. The tendency of iron piles to 
start from their position when struck with a heavy 
blow, su^ested liie propriety of driving them by a 
series of smart shocks given in succession. By these 
means the driving may be conducted with great 
security and facility, care being taken in the first 
iiutance to cap the head of die pile during the 
operation with a sound piece or plank of timber to 
transmit the shock more equally on the metallic 
surface.* 

* For a more elaborate detail of the preptcationt required for driv- 
ing iron piling, mich as b«rii]g the ground to receive the pile, cutting 
trenches, &c., &c., the reader is referred to the first Volume of the 
"TruieactionB of the Institution of Civil Engineers," published by 
Woale,ofHoiborn,1836. 
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We shall now advert to the comparative per- 
manency of iron piling. It has been practically 
demonstrated that iron, buried in the earth under 
water, and kept perfectly free from atmospheric 
influence, will not sensibly corrode for an indefinite 
length of time : indeed it may be safely affirmed 
that nothing short of volcanic agency or great 
intestinal commotions and changes, which in most 
cases occur only at intervals of great distance of 
time, will produce a decomposing effect upon iron 
thus situated. A change, however, occurs in the 
material; for it has been proved that iron thus 
buried will, iu process of time, obtain an extraordi- 
nary degree of tenacity. The action of water upon 
iron effects a result totally different, a certain che- 
mical combination taking place, producing, within 
a comparatively short period, a material resembling 
plumbago. This effect also takes place upon the 
pistons of steam engines that have been subjected to 
much work, the interior parts, consisting of the 
wedges, he, being readily cut with a knife. These 
remarkable facts being known, it become an in- 
quiry of great practical importance to ascertain the 
cause or causes of such change of structure in this 
metal, and also to discover some new compound 
that will effectually resist the decomposing action of 
water upon it. Experiments have not hitherto 
been made to that extent as would furnish sufficient 
data for a more close chemical investigation of this 
subject. Until this be effected, the practice of iron 
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piling must be regarded with a much less degree of 
reliance than that of timber piling, secured by satu- 
ration with the bichloride of mercury. In addition 
to the perpendicular pressure acting upon the hori- 
zontal surfaces of piling, an enormous lateral thrust 
is to be resisted in case^ where river or sea walls, or 
embankments, are raised upon piling. Considerable 
care and attention is hkewise requisite, in order to 
give to the masonry that degree of facial curvature 
most capable of resisting the effects of a lateral 
thrust. The subjoined method has been employed 
with uniform success in works where the thrust has 
been great, or where land-slips have been appre- 
hended. The following is the construction of the 
diagram shown in plate 4. Let A B, B C, be given, 
join A C, and bisect it in D, make D G = C B 
■H- 4, join C G, G A, bisect them at I and K, let 
H I, KJ = ?^ joinC J, JG, GH, H A, and so 
on ad infinitum. 

C, J, G, H, A, are points in a curve, that is a 
tangent to A B, and projects B C. 

Fig. 2 represents a retaining wall, with a cur- 
vature produced from the foregoing formula. River, 
wharf, and sea walls have occasionally to withstand 
violent forces acting from without, caused by moor- 
ing vessels thereto, or, by warping them in and out 
of harbours, docks, and basins. The mooring-rings 
are secured to the iron land-ties, and these latter are 
firmly bolted to piles driven into the ground at the 
back of the wall, in a slightly inclined position;- The 
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enormouB horizontal strain to which these piles are 
subjected frequently causes them to yield, and conse- 
quently the whole force is transferred to the backing 
of the wall, which is mainly protected from being 
pulled outwards by the security afforded by its batter, 
or slope, and the strength of the fender piling, with 
which the outer work is generally feced. %s an 
improvement on this method, we would suggest the 
application of Mr. Mitchell's " Patent Screw Moor- 
ing," fixed horizontally, and to which the tension 
rod,, forming the land-tie, might be iinnly fixed. A 
screw mooring of 3 feet diameter would thus have a 
secure hold of an area not less than ten superficial 
feet.* There are certain circumstances connected 
with the practical operations of pile driving that 
require a passing notice. 

Ist. It has been frequently found that when 
piles have been driven to the depth that was at first 
deemed desirable, another blow with the ram will, 
to the great surprise of the engineer, suddenly sink 
the pile to a greater depth than was efifected in the 
first instance. This effect may arise from several 
causes : among the most probable of these may be 
mentioned the sudden transition from a dense to a 
looser soil, or the intervention of a stone immediately 
under the foot of the pile, where the immediate 
stratum is known to be sand. Now a smart blow, 
accidentally given in an obiigue direction, will cause 

• For drawings, &o. of tliU excellent invention, see " The Public 
Work* of Great Britain, "and " Mechanic's Magazine," No. 756, Vol, 28, 
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the pile to swerve from its original upright poaitioD, 
and to pass still further into the stratum, that was at 
firet supposed to be sufficiently consolidated to resist 
the further efforts of the pile machine. Again ; 
when the head of the pile has been much bruised 
by the action of the ram, the force becomes deadened, 
and ultimately nullified by the comparative softness 
of the abraded surface. In this case the top of the 
pile should be cut off, and the driving continued on 
the new and firm surface thus exposed to the ram. 
Mr. Timperly* argues from these fects, that all 
theories must be uncertain which profess " to ascer- 
tain the actual weight a pile will bear, by having 
given the weight of the ram, the fall, and the depth, 
driven at one blow." This, however, is not the case, 
as the theory has for one of its principal conditions, 
the supposed uniformity of the strata, through which 
the pile is intended to be driven. 

The most conclusive evidence in favour of the 
enormous friction on the sides of a pile, and the con- 
sequent degree of security to be relied thereon, is 
shown by the immense power required to withdraw 
them from their position, when once firmly driven 
into the soil. The gentleman above alluded to has 
given a particular statement of some operations of 
this kind. " In removing the temporary bridges and 
coffer-damSjf the piles were principally drawn by 

■ Aecount of the Hull Docki. lat vol. Trans. Inat C. E. 
t Hull Docki, Ibid. 
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the engine crabs,* with double blocks and chains, and 
so firmly did they hold, that some of them required 
sixteen men with four crabs to remove them ; but 
half this power was sufficient : after the 
started, one crab with four men (assisted 
>yancy of the waterf) accomplished the 
The power applied tosome of these piles 
s than from fifteen to twenty tons. There 
ision in tlie course of the week to draw 
the sheeting piles in the Whitefriar-gate 
4-inch screw was used, and one of the 
iet long by I'i inches wide, required, on 
loderate calculation, a power of 18 tons 
t, the soil being nearly a pure sand ; 
e could not be drawn by even a greater 
a hole was dug around it ; but the others, 
fter ground, moved more easily." It is 
ted, that some of the permanent bearing 
in a weight = 20 tons, without settle- 

peration of piling requires so much heavy 
i is withal of so expensive a nature, that 
lachinery for witlidrawing piles from the 
ers is a great desideratum. The timber 
vards be employed in other service, or 
F the same description. In 1747 Marshal 
assed the Var to the army of the Allies, 

ttruction of a crab-engine is described further on. 
Weight of the water. , 
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for the purpose of conquering an adjacent nrovii 
(Nice) ; and to iacilitate the communicati 
France, he caused to be constructed acr 
river two magnificent bridges, measuring ir 
about 300 toises each, and of sufficient so 
resist the force of one of the strongest cur 
Europe, at a time, too, when the river w 
subject to them. When the evacuation toi 
in 1749, the bridges were destroyed. The 
tiohs, to use the words of M. Belidor, com] 
"forest of piles." This writer communicai 
M. Guil, brigadier-general of the king's ar 
design of the machines shown in plate 5, 
and 2, as It w;as deemed necessary to withe 
whole of the piles, many of which were b 
the depth of 12, 13, and 15 feet in the bee 
river, and in an extremely tenacious earth, 
repeated trials to no effect, arising from tl 
breaking, they employed nine to each mach: 
the piles were then drawn with great exf 
each in less than four or five minutes.* 

The general construction of this ma 
explained by figs. 1 and 2. A beam, G L, i 
"upon a support or fulcrum, B ; the end of tl 
G is bound with iron straps, having a hoc 
lay hold of the cord or chain, which is fas 
the pile C, by means of a short bar or rod 
driven through the pile; the beam is elevi 
this purpose by the windlass P, and when n 

* Belidor, Architecture Hydraulique, Vul. I., ]>. 121, 1 
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(Z) is released at L: consequently the 
owed to fall by its own gravity, drawing 
upwarda. The length of the beam, in 

supposed to be 18 feet, and the length, 
let ; but, in all cases, whatever the length 
m may be, divide the same into nine 
, and allow oue part for the length from 
ty to the fulcrum at K. The action of 
us may be rendered more powerful by 
len mounting upon the end, L, and 

downwards. 

ubstance of M. Belidor's calculation of 
of this machine is as follows i-^Let us 
: beam to be 18 leet long and 12 + 12 
, as we have before stated, G K will be 
f, and K L 16 feet in length. Now a 
jf dry oak weighs about 60 lbs. ; let us . 

the basis of the formula. For greater 
lake K H = G H, in order to consider 
arts of the beam as being equilibrated, 
at the rest of the weight H L is united in 

A, the centre of gravity of the part H L 
e place of the power which is to act 
ile ; recollecting that this power will be" 
, which is the weight of 14 cubic feet of 
iswering to the arm of the lever K A, 
Ist the K G, in regard to its effect, is 
Thus, In the state of equilibrium, the 

840 lbs. will be, to its action in drawing 
s K G is to K A, or aa two to nine. 
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Following the rule, we shall find that this action 
= 3780 lbs.,' which can be augmented by the 
thTU8ts given to it by the workmen mounted upon 
the end, R L. If we suppose four men acting to- 
gether by supporting themselves by the cords D D, 
fig. 2, suspended from the top of the machine to 
prevent them ialling, it will appear, that weighing 
together 600 lbs. at the extremity of the lever K Q, 
which is equal to six times. K G, their effect upon 
the pile will be 3600 lbs., which, added to 3780, 
gives 7380 lbs. for the force with, which the pile C 
will be drawn upwards. The power of the machine 
may again be indefinitely increased, should the pile 
refuse to move from these exertions: displace the 
pullies from their position, M N, and fix a ring, F, 
to the end of the beam, which will be kept raised by 
the hook Z laying hold of the chain or rope attached 
to the pile; a pulley is then fixed at the foot of the 
machine, and a cord or rope passed through the 
ring F and the pulley at the bottom ; the workmen 
will then pull horizontally at the bottom, and draw 
the beam downwards with great power. 
^ This machine may be also made to answer the 
purpose of the ordinary pile machine, by fixing a 
heavy ram at one end; it is then raised and allowed 
to fall as usual, or might be worked after the manner 
of a tilt-hammer. Fig. 3 is another apparatus for 
withdrawing piling. C is a screw supported in a 
square timber framing, worked with the levers B A 
in the manner of a capstan. The pile D is attached 
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to the hook at the bottom by_ cords or chains, and is 
of course drawn upwards. This may be readily 
removed by boats from one place to another. Its 
principal defect is, that if the pile is very firmly 
fixed, the stand will not remain so steady as might 
be desirable for the purpose of its operation. The 
weighing machine for, withdrawing piles simply 
consists of a flat-bottomed craft or bai^e, having at 
one end a windlass, and at the other a strong chain, 
which is also fixed round the pile intended lo be 
raised. In the centre of the bai^ are two stout 
planka or beams, laid longitudinally, forming a 
tram road for a truck, loaded to the amount of 
several tons weight; the truck is made fast to the 
chain coiled round tlie drum of the windlass. The 
mode of operation is as follows:— the truck is first 
drawn to that end of the bai^e nearest tlie pile, 
which depresses the head of the barge iu the 
water; the chain is then fixed round the pile; 
the windlass is now, in its turn, put into operation, 
drawing the truck towards the opposite extremity of 
the bai^; the other end now becomes depressed 
and raises the pile at tlie other end. ^ 

At Waterloo Bridge, Bramah's pump was used 
for the purpose of withdrawing the piling. Fig. 4, 
plat3 5, sliows the arrangement employed: A A 
exhibits part of the piling of the coffer-dam ; B is 
the pump fixed upon the top of the piling; by 
working the lever, or handle C, water is withdrawn 
from tlie cistern D, and forced through the copper 
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pipe E, into an iron cylinder enclosed within a 
casing of wood, F, firmly bolted to the piles ; the 
solid plunger, G, is thus forced upwards, and raises 
a beam, H, placed upon the fulcrum, I ; a loose ring 
of iron, L, is dropped over the pile K, and the chain 
M is passed several times round the beam H. The 
loose ring, L, being drawn upwards, will shift itself 
into an angular position, and will take a purchase 
upon the sides of the piles, causing it to follow with 
the elevation of the beam H, until it is completely 
withdrawn from its position. 

We shall now proceed with an examination of 
those artificial substrata, which, by their peculiar 
preparation and properties, are included in the class 
or genera of concreting mixtures. The first that 
claims our most particular attention is the bHon of 
the French, This substance has been (erroneously 
we think) considered by several writers as identical 
with our Concrete and the Smalto of the Italians. In 
order that the reader may fully comprehend the 
nature and projierties of this important artificial 
conglomerate, we offer in the following chapter a 
transfetion from the highly valuable work of M. 
Belidor,* containing a detailed analysis of its com- 
position and use. 

The composition called hbton is understood (in 
a popular sense) to be a kind of mortar used by 

" Architecture Hydraulique, Tol. 4, section 2. De la maniJre 
d'emplojrer le b^ton poui les fondations faites au fond de I'eau sans 
bafardcaiix iii epiiiscmens. 
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the French engineers, consisting of the following 
materials and their proportions. Twelve parts of 
pozzolano, or Dutch trass, six of good sand, nine 
of unslacked lime, the best that can be had, thirteen 
of stone scraplings, not exceeding the size of an e^, 
and three parts of iron scales from the foi^e. These, 
being well worked together, must be left standing 
for twenty-hour hours, or till it becomes so hard as 
not to be separated without a pickaxe. The mortar 
being thus prepared, a bed of rubble stone, not very 
lai^, is thrown into the coffer, and spread all over 
the bottom as nearly level as possible. They then 
sink a box full of this hard mortar broken into 
pieces, till it comes within a little of the bottom ; the 
box is so contrived as to be overeet or turned upside 
down at any depth ; which being done, the pieces of 
mortar soften, and so fill up the vacant space be- 
tween the stones ; by these means as much of it is 
deposited as will form a bed of about twelve inches 
deep ; another bed of stone rubble is now thrown in, 
and thus one layer of hhton and one of stone is alter- 
nately deposited till the work approaches near the 
surface of the water, when it is levelled to receive 
the regular courses of masonry. The text minutely 
describes the precautions necessary in the erection 
of large works, and the general method of the pro- 
ceedings adopted by the most scientific engineers'. 
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CHAPTER III. 

ON THE NATURE AND APPLICATION OF B^TON. 



To initiate those who have had but little experience 
in -works such as these in question, we shall preface 
our observations with a general and popular view of 
the subject, that they may the more clearly compre- 
hend the detailed description that we intend offering 
to their consideration. With this view, therefore, 
let us suppofc that the services of the architect or 
engineer are required- to direct the construction of 
the foundations for a fort or jetty in the sea, at the 
depth of fifteen, twenty, or even twenty-five feet. 
The works should be commenced by forming the 
necessary boundaries to mark the extent of the pro- 
posed erections. The usual examinations of the 
nature of the ground, the state of the levels, &c., need 
not. in this particular instance be made, for the space 
so enclosed may be permanently raised, and com- 
pleted at leisure, by filling it in with such materials 
as are hereafter described. The foundations, there- 
fore, need not extend beyond the enclosure required 
for the walls, care being taken that they have a thick- 
ness proportionable to the depth of the water. The 
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g perfectly level, and the exterior 
fifth or sixth of its height, as in . 
, in order to avoid unnecessary 
rhe works, being marked out by 
1 from the action of the waves by 
r mole, if judged necessary, are 
3ting a coffer-dam of the usual 
ing, &c. This dam,however, need 
1 its appliances as those generally 
irposes of bridge building, where 
d to be withdrawn from the in- 
f is nevertheless to be constructed 
security as will enable it to with- 
. of water from without, and the 
Is, water, &c. from within. The 
IT will consequently, be displaced 
i^(on, with such apparatus as we 
ibe. It being of the firet import- 
t should subside upon the natural 
yer, or stratum, means must be 
lie bed of the river or sea from all 
this can be effected by removing 
ecessary depth, with a machine a 
the summit of the coffer, which 
the work proceeds, and will lay 
the depth of the firm stratum, 
itances, will be but a few feet 
eposit. Should the stratum itself 
)f a muddy, loose, or friable qua- 
:ecaution9 mnst be resorted to. 
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The cofier may now be filled with masses of 
b^ton to the level of low water mark ; but as 
this mortar, in falling, would nevertheless have 
to pass through a great head of water, it would 
lose much of its value by the greater part of the 
lime being washed away; means have therefore 
been found, by a certain contrivamce hereafter men- 
tioned, to lower it without the risk of having its pro- 
perties destroyed. Although the coffer intended to 
contain the masonry in question be very silnple in its 
construction, our description will be rendered more 
intelligible by reference to the subjoined illustra- 
tions, which represent the coffer in its working 
state. 

Fig. 1, plate 6, represents a side elevation; 
the letters A B show the high water mark, and C D 
the bed of the sea. The piles A B belong to the 
ranges driven on both sides, to form the encaissement 
for a distance of no more than 10 or 12 toises (so as 
not tx> encumber the work, which, in most instances, 
requires to be executed with extraordinary expedi- 
tion). They are headed with a cap, D, to which the 
higher pieces, E, are fixed, and the lower, G, sus- 
pended by holdfasts or irons attached to H, to sup- 
port the timbers, F, which compose the coffer, on 
whose edge two thick planks, O, serving as a plat- 
form to the rollers, R, carrying the machine for 
throwing in the beton. The line I K marks the 
bottom of the trench cut below the bed of the sea 
C D ; and, lastly, the sides I, L, M, R, enclose the 
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bHon mixed with stones, wherewith the foundations 
are commenced. Fig. I, plate 7, represents a plan 
of the coffer and machine, another elevation, which 
will be found in fig. 1, plate 8 : thus these illustra- 
tions, studied together, with reference to the letters 
which mark the same throughout, leave no part of 
the subject unexplained. 

The width of the coffer being equal to the 
thickness of the masonry, the rule is, when carrying 
on works ^uch as operations in the interior of a 
haven, to calculate this thickness at one-half of the 
depth of the water ; but should the masonry be ex- 
posed to the open sea, or a strong current, then it 
ought to be two-thirds. By this rule, also, you will 
judge of the proper distance between the two ranges 
of piles, the strength of which will be proportionate 
to the height of masrony and beton, and to the 
depth they must be driven so as to penetrate some 
feet in firm ground ; thus rendering them capable of 
sustaining the impetus of the waves, and preventing 
the masonry from spreading until it has acquired 
solidity. 

On this account, according to the nature of the 
soil, they must be armed with iron (lardotrs et 
frettess), and the timbers, F, cut off at three or four 
feet above the level of the highest tides, so as to 
secure the work against the action of the waves, 
when it shall be sufficiently raised to aicounter 
them. These piles should be distanced according 
to the height of the masonry, so that their common 
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resistance may be proportionate to the power they 
will have to, overcome from its spreading ; always re- 
gulated, however, according to its height : whenever 
that does not exceed 1 feet, 6 feet from the centre of 
one pile to the centre of the next will be sufficient. 
At about 16 feet they should be 4 feet apart, but 
when it rises to the height of 20 or 25 feet, the dis- 
tance of 3 feet apart should not be exceeded. All 
the piles should be securely bound together by a 
cap, the two opposite rows being keyed together at 
intervals, and having cross quarters traversing the 
top of the coffer, the more effectually to secure it 
against opening ; these may be removed when the 
biton is consolidated, and completed by its uppermost 
course of common masonry. These piles will be 
again bound by two bands* placed intemallyi^o as 
to serve for supports to the vanages, the upper one 
a great deal thicker than the lower, so as to admit 
sufficient space for the sloping of the bank piling, 
as much on one side as the other (which is seen in 
the front elevation), wherever a pier or isolated 
jetty is to be constructed. 

But if the question refer to the casing of a quay, 
or the foundation of a breakwater, then the slope 
need only extend along the exterior side, the inte- 
rior being perpendicular, so as to allow for the pres- 
sure that the masonry will have to sustain from the 
weight of the soil. Thu^it will be readily seen that 

• Wailing pieces. 
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the two corresponding heads on the inner side 
should be equal, or nearly so, according to the 
intended slope, care being taken to place the 
second a third or fourth of the water's depth, 
according to the height of the coffer ; the only 
means of fixing these are by suspension, with iron 
holdfasts, or ropes attached to piles above high 
water, as may be seen at H, thereby affording 
space to work. Respecting the plank-piling, there 
is a visible necessity for making them not only of a 
thickness proportionate to the height of water, and 
spread of masonry, but also to the depth which may 
be considered necessary for the trench (cut to carry 
ofi" the sand at the bottom of the encaissement, from 
the firm ground), into which it is necessary that 
they*should be driven at least two feet. These obsep- 
vations are equally applicable with respect to the 
■ piles; the quality of the soil should be examined 
by frequent borings before the work is commenced, 
which will, at the same time, determine the amount 
of labour required for this portion of the ope.ra- 
tions. 

Further, we shall merely premise that the 
plank-piling should be well bound together by 
grooves and wedges, according to the usual prac- 
tice, and cut down level with the cap of the piles, 
each being fastened to the bands, leaving no aper- 
ture, however small, atthejoints, in order to secure 
every particle of the lime and pozzohno within the 
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proper limits, bo as to preserve the masonry free 
from flaws: this being accomplished, the ma- 
chine d cuillHre* will be required to clear away the 
sand. 

We may observe en passant that the fore 
description of a good encatssement is applica 
cofier-dams, erected when it is requisite to 
some part of the sea to enable us to clear aw! 
remains of ancient sunken works, which ope 
sometimes costs more than that of their oi 
erection; this proves the necessity of making m 
works perfectly solid, taking into consideration 
possible circumstance that might happen to caui 
mature decay, or the chance of a remote failure 
knowledge of antique monuments evidently j: 
that with good materials, it is generally the 
of those who know not how to employ them pre 
that their works are far from promising a 1 
durability, falling for the greater part to ruin ( 
the lifetime of their constructor,' The pieces 
ing the base of the machine in question, consii 
of three soles Or I'c^ A B, fsistened to the traE 
beams C D, the two first being again strengt 
by the cross quarters E F. In the engraving 
are only dotted in like the rest, the base 
partly covered by the upper psirts, but its p< 
may be readily ascertained, as it is shown 

• Dre^og Machine! — (JVanilator.) 
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side elevation, where the frame G H I K is repre- 
sented raised on the third sole A B ; this frame 
serving, with two others like it, to sustain the axle 
of the wheel and cuillidre. A little examination will 
be sufficient to explain it. 

The machioe is constructed on the model 
of those employed for clearing Toulon harbour; 
all the apparatus is carried on two. small beams, 
a, b, placed across the top of the encaissement, and 
prc^fressing gradually, EtfbeT having cut one part of 
the trench as far as is required. The handle of its 
cuilUire passes between two rollers L M, against 
which it works, viz., against the first, L, in descend- 
ing, and the second, M, when ascending. This 
motion is caused by the action of the wheel, and the 
two principal ropes attached to the cuilUere ; the first, 
N Z y, causes it to dig or penetrate into the ooze, 
and raises it again when full; this is done by turn- 
ing the wheel from right to left. The second, 
T V S O (the tire arriere), passing over the pulley 
S, and against the rollers Y, causes the cuilliere or 
scoop to descend, after having emptied its contents 
into a mud-boat, by opening the trap or valve, sup- 
posed to be situated at Q, which is done by turning 
the wheel in a contrary direction. Towards the 
extremity of the handle, a third rope O P is bound, 
le other end of which is belayed three or four 
mes to the third sole G K to steady the cutlliere by 
leans of the fastening at P ; ^ drive it into the 
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grt)und, according to the progreRS of the wheel, 
and to direct it so as to dig equally over the whole 
width of the bottom ; when filled it can be raised by- 
slackening the rope. Lastly there is a fourth cord X, 
passing over the pulley x, with which the foregoing 
operation is sometimes effected, so as to assist in 
raising the cuiUie're when laden more than usual. 

It is necessary to observe that this machine can 
not only be used im* raising the ooze irom the bed of 
the sea, but also on all other occasions where it is 
necessary to excavate deep trenches in marshy lands, 
moss, or moving bogs, in order to erect embank- 
ments or causeways cased with masonry, &c. &c. 

Two parallel rows of plank piling must first be 
driven into the earth, the length and thickness of 
them being proportioned to the depth that they are 
required to be driven. They should be driven as 
far as possible into the firm ground, and the loose 
soil should then be removed entirely from the 
encaissement or inclosure. One or more dredging 
machines must now be employed to excavate the 
remaining portion of the trench, until a secure and 
firm substratum \a obtained. 

The entrance of the water into the inclosure is 
of no immediate consequence, if sufficient care be 
taken to sustain l^e exterior pressure by a judicious 
arrangement of the cross quarters, keys, framing. 
Sec. Having obtained a good substratum, it must 
be cleared as much as possible, and a gentle slope 
given to that SKle opposite to the facing of stone, to 
o 2 
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secure the foundatioQS against the pressure tBe 
lining will have to sustain, taking care that it be 
sufficiently wide to dispense with counterfeits, as it 
is probable that considerable difficulty might arise 
in attempting to excavate short transverse trenches, 
from the little play the scoop could possibly have. 
It is not requisite to level the ground with any 
great degree of accui'acy; even the masonry em- 
ployed does not require it; on- the contrary, the 
little interstices that remain contribute to bind the 
work more firmly together. If tlie firm ground is 
discovered to lie very low, so that you are compelled 
to build upon ground of an inferior degree of con- 
sistency, then it is only necessary to dig six or seven 
feet below the bottom of the water; after which 
drive piles, placed chequerwise, three feet apart, as 
far as you can with a heavy beetle; let their heads 
reach just four feet above the ground at the bottom 
of the foundations, without levelling them, which 
can even be done in the water by the aid oi false 
stakes; then cover these piles, and it will form a 
compact mass. But if the ground should prove 
marshy, you must excavate as deep as possible, sink 
a timber grating, and drive the piles in the reticu- 
lations, leaving them jutting as before; throw in the 
biton as usual, and level it carefully over the entire 
surface, so as not to load the grating more on one 
side than on the other. 

It is of the utmost importance that the plank 
piling employed for the coffer-dam shoxdd be of the 
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maximum degree of strength, well bound together 
by redoubled wailiug. The piles should 'be driven 
as far as possible into the, firm ground, to prevent so 
soft a soil, as we have supposed, from giving way 
when laden with the superincumbent masonry. 
Observe, that the weight of. the masonry should 
contribute as much as possible to its firm consolida- 
tion • the greater portion of the water with which 
the bkon is saturated being expressed or forced out 
by this means. It must be acknowledged that, by 
placing the foundation thus, there can be no ob- 
stacles presented, by the state of the ground, but what 
may be successfully overcome ; in fact it is doubtful 
that the before-mentioned cases could be otherwise 
accomplished, for there can be no question about the 
necessity of the dams, the erection of which might 
be as difiicult as that of the principal work. Would 
it not be easy to prevent the leakage, and keep the 
foundations continually dry ? To finish the descrip- 
tion of the drawings, explanative of the machinery 
for laying or immersing the bkfony it only remains to 
be observed, that it consists of two uprights raised 
on a frame Y, carried on two rollers R, serving to 
move it along the encaissement : these uprights, 
which are bomid together by two tie-beams S T, 
sustain the axle, from whence is suspended the 
chest W, by two ropes always kept equidistant by 
two rollers X, moving on one of the tie-beams. This 
chest is three feet square ; its bottom Zbis made to 
move in the manner of a pump valve, on two pivots 
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b, and fastened when shut by a catch m, below which 
to a ring Z is attached a cord a Z, made ^t to an 
iron pin a ; the length of this cord must be regu- 
lated, BO that the case, being let down to within about 
four feet of the bottom, can go no lower without its 
weight forcing the catch to let go the bottom, which 
then opening, permits the biton to fall out. 

This bottom is supported on two sides, by the 
ends of the chains n fastened to the lower edge of 
the chest, to support it in the position as it appears 
(dotted) in the plate. When, by reversing the mo- 
tion of the rollers, the chest rises, then re-fasten the 
catch by drawing the attached cord rid; this is 
done when out of the water by pressing the handle 
b d, the catch m may then be loosed, thereby enabling 
it to resume its vertical position, and to sustain the 
bottom as before. We may now raise the chest to 
a convenient height, and re-fill it ; to effect this, the 
wheel must be fastened by tying the cord f to part 
of the frame. It is requisite that the inside of the 
. chest should be very smooth, and the joints well 
caulked ; that it be pitched without, and shut with a 
groimd lid ; that the column of water displaced by 
its descent may not carry away any of the bhton. 
A layer of gravel is required to be laid in the chest 
before filling it, in order that the bHon or cement 
may not adhere to the bottom. The interior of this 
chest, which is three feet cube, contains twenty- 
seven cubic feet of bhton. It may be made larger, 
in proportion to the foundation you have to make ; 
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nevertbeleas (for fear of retarding the action of the 
apparatus), it should not exceed four ^t cube, which 
will give a solid content of sixty-four cubic feet. 

Vitruvius, speaking (rf b^ton, says, " it should 
be composed of two parts of pozzolano to one of 
lime." He undoubtedly means the latter to be 
measured unslacked, and slacked when the cement 
is made ; so that the consequent efierrescence may 
throw off a greater quantity of the salts contained in 
the brocaille, and. the incorporated pozzolano. It is 
further supposed that this substance is equally at- 
tainable as in Italy. M. Milet de Montville, who 
has acquired (in the kind of building we are treating 
of) an experience enlightened by good principles, 
has made numerous experiments on the best manner 
of compounding the beton — having proved it most 
successfully in the works which he has superintended. 
Having chosen an even and well-beaten ground, take 
twelve parts of pozzolano fTermsse de Hollande, 
or Cendrk de Tourney J, of which you will form a 
circular wall of five or six feet in diameter, on which 
place six parts of sand well sifted, free from earthy 
matter, and evenly spread. Fill the interior of this 
circle with nine parts of quick lime, well calcined 
and pulverized with an iron beetle, and to cause it 
to alack more quickly (in maritime works) throw 
on sea-water in small quantities, stirring it from 
time to time with an iron spatula. As soon as it is 
reduced to a paste, incorporate the pozzoUmo and 
the sand. 



by Google 



The whole being well mixed, throw in thirteea 
parts of unhewji stone, and three parts of iron dross 
well pounded. If this latter ingredient cannot be 
obtained, sixteen parts (instead of thirteen parts) of 
rough stones or pebbles must be added, of a size not 
larger than a pullet's egg. Let this composition be 
well amalgamated for the space of an hour, after 
which it must be left in .heaps to coagulate ; for this 
purpose the space of twenty-four hours will be suf- 
ficient in summer or in w^rm climates, but in winter 
it often requires the space of three or four days. 
Observe to keep it protected from the rain, and not 
to uBC it until it has sufficiently hardened to require 
breaking with a pickaxe. It must be borne in mind, 
that, though the bkton is employed in a consolidated 
state, when it has passed through the water and has 
reached the bottom it spreads and settles. The 
plunging machine is advanced^ according £is a bed 
of ten or twelve inches in thickness is spread over 
the whole foundation ; after which place unhewn 
stones of moderate size, the largest not exceeding 
the fourth part of a cubic foot. These stones should 
be carefully arranged side by side : they will sink 
into the mortar, which ia now in a soft state, but 
■which will, in the space of three or four months after- 
rds, become indisaolubly united, and its firmness 
1 increase with its age. This bed of stones having 
n again covered with a fresh stratum of bkton, 
amence another, and so on alternately, even to 
hin six or seven feet of the surface of the water. 
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The use of the chest may now be dispenaed 
with, and the bkton may be thrown in with buckets 
or baskets, care being taken that they be emptied 
very near the surface of the water, — it being essen- 
tial to prevent the dilution of the cement, which 
would otherwise be the case if it had to pass through 
a great head of water ; for, the heaviest parts sink- 
ing more rapidly than the others, all the strength of 
the lime would be lost. It is evident that, by this 
method the masonry may be looked upon as being 
done according to the best rules of the art, as it is 
composed of very small portions of materials, pre- 
senting at the same time a lai^e surface to the 
bkton ; therefore, a great quantity of the salts neces- 
sary to the concretion are detached. It has also this 
convenience, that it may be laid without the assist- 
ance of a mason, the simplest means only being 
required to place it in its proper position, — all the 
workmen required for this purpose being a few car- 
penters to make the chest ; besides, it is better to 
keep the chest in which the artificial masonry has 
been made, particularly in places exposed to the 
waves of the sea or a rapid current of water. By 
the foregoing method one of the jetties at Toulon 
was constructed in the year 1748. 

The engineers of that place not being acquainted 
with any method more available for fixing solid ma- 
sonry in the sea without vexatious impediments, it 
may be justly considered the best method of insur- 
ing the most complete success. It is not to be 
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apprehended that a facing stone, being detached, 
would be followed by many others, and that all in 
the water would fall successively to ruin ; and let us 
ask, should we not calculate greatly on the economy 
of being able to work without dams or draining, 
which sometimes costs as much aa the work' itself ? 
Is there not reason to be surprised, that a practice 
of which the ancients made such good use should 
be BO little employed, except on the Mediterranean 
coasts ? Nevertheless, it is equally applicable to seas 
and rivers, to erect a quay, or the f«ers of a bridge, 
in places which are never dry, and where there ia 
always a great head of water ; being preferable; in 
most cases, to foundations made in " caissoojis" laid, 
along the bottom of the river. 

M. Milet de Montville having filled a chest 
containing 27 cubic feet of beton, sunk it in the sea, 
where it remained during two months, after which 
it was drawn up to ascertain the consolidation it had 
acquired. On inspection it was found to be con- 
verted into so compact a body that more difficulty 
was experienced in separating its parts, than those of 
a block of the hardest stone. If a long foundation is 
required to be made, and the work is esposed to the 
violence of the waves, it is at first only necessary 
to drive the piles of the encaissement following the 
intended, hues, and only form the coffer with plank 
piling, in parts of sis toises in length, to fill it im- 
mediately with masonry, that each part may resist 
the violence of a heavy sea, which would probably 
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overturn an empty encaissement. In order to com- 
mence the work again after having continued the 
encaiasemeht, the side partitions formed with plank 
pihng are to he removed ; if the beton ia already 
firm, some apertures must be made in the side, by 
which means the new masonry will key or bind 
better with that already erected. If, on the contrary, 
it has not become a uniform body, it will incline 
itself along the encaissement, an4 will naturally join 
with the beton which is thrown over it. 

It is almost needless to observe that, according 
to the circumstances of situation, &c., boats or lighters 
must be in attendance with proper rigging, to cany 
the materials and rafts of timber round the encaisse- _ 
ment to assist in the work. The foundation having 
been left, at least during the winter, to allow it 
to'harden, the masonry must be raised by regular 
courses ; the fencing should be of good hard and 
picked imhewn stone, whether fqr the construction 
of a mole, jetty, battery, or a fort. If the surfece is 
exposed, and Ukely to be abraded by the action of 
the sea, or by continual concussions arising from 
external forces — as is the case in quays, &c. ; it is 
imperatively necessary that the edging of stone 
should be of sufficient substance, the headers and 
stretchers placed " en coupe," jo^led together with 
iron dowels run with lead. 

If works of magnitude are to be erected, jutting 
far out and of considerable length— such as a jetty 
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or a mole — it is sufficieut to make an encaissement 
all round, to inclose the beton masonry : then fill 
the space so inclosed with unhewn stone, after which 
continue to raise the same lining of good masonry in 
freestone, placed in regular courses up to the top of 
the platform, allowing a moderate size for the en- 
caissement, so as not to create useless expense. In 
order that a greater degree of solidity may be 
allowed where necessary, the opposite walls should 
be bound by chain bars, placed at regular distances, 
effected either by encaissement or by beton masonry. 
It may be added, that in building the circummuring 
of a fortification, or of any other work much exposed 
to the open sea, and when, notwithstanding the 
counter-jetty with which it is guarded, there is rea- 
son to fear that the waves might dash against the 
face of the work, causing much damage by their 
Tiolence, the exposed works should be protected by 
covering them with inch-and-half or two-inch plank- 
ing, securely bound together with cramps, and per- 
manently fixed against the masonry for the first year, 
until the whole should have time to consolidate and 
harden, and that the joints should not open. As 
there are some remarkable particulars connected 
with the use of beton, we shall probably interest 
those concerned in its use, by subjoining the results 
afforded by its extensive application at Toulon. 

The statement contains the quantities of each 
kind of materials contained in a cubic toise of this 
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masonry, and tHftr weight. To fill a foundation 
containing sixteen cubic toises, is as follows : — 

Cubic Fed. Il». 

942 Of Red Pozzolano, at 90 lbs. the foot, making 84;780 

471 Of Sand, at 115 lbs. . 54,165 

235 Pounded IroD Dross, at 80 lbs 1S,800 

1,020 Hubble Stone, at 110 lbs 112,200 

706 Quick Lime, at 76 lbs. each 53,656 

618 St<ines, at 160 Iba 98,880 

3,992 Total cubic feet, weighing 422,481 lbs. 



Thus it is seen that to make 16 cubic toises of 
biton masonry, there is used 3,992 feet of materials, 
although these sixteen feet only contained 3,456 solid 
feet, thus the difference is 536 cubit feet, caused by 
the vacuity between the parts of the materials .em- 
ployed ; respecting which it is to be remarked, that , 
M. Milet de Montville has often proved that 2 cubic 
feet of rough sand, incorporated with 1 foot of 
slacked lime, would not produce more than 2 feet of 
mortar ; from whfch it follows, that in the account 
of the materials employed in this masonry, care 
should be taken to make proper deduction /or the 
lime. 
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CHAPTER IV. 



ON THE ANALYSIS OF LIMESTONE. 



The extraordinary phenomena exhibited by the 
combination of lime with siliceous matters, and the 
variable results that are effected by modifying the 
proportions of the component parts in the com- 
position of cements and mortars, for building pur- 
poses, are of the utmost importance to the prac- 
tical builder. An elucidation of the fads connected 
with this portion of our labours is of so much 
practical and scientific interest, that we shall offer 
no apology for taking, as far as our. limits will 
permit, a comprehensive view of the subject. There 
are two theories relating to the formation of lime. 
The firat of these was promulgated by the earlier 
geologists, and up to the present time, has l^en 
advocated by several scientific men. This theory 
contends for the origin of limestones firom os^^ized 
substances, or, in other words, that it may be " an 
animal product, combined by the powers of vitality 
from some simple elements." 

The arguments deduced in opposition to this 
hypoUiesis have been ably pointed out by Mr. Lyell, 
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in his " Elements of Geology," who contends that 
lime is formed by the evolution of caibonic acid, 
and a smEill quantity of carbonate of lime on the 
sites of springs. The immense deposits of carbonate 
of lime originating from springs in volcanic dis*ripf« 
he attributes, with great propriety of reason, 
the solvent power of carbonic acid ; and ins 
that, " as acidulous waters percolate calc 
strata, they take up a certain portion of lim 
carry it up to the surface, where, under dimi 
pressure in the atmosphere, it may be deposit 
being absorbed by animals and vege^bles, n 
secreted by them." 

Limestone,* when burned, is deprived 
carbonic acid. Sec, and becomes converted int 
its chief constituents being a metallic oxide-\ 
bined with oxygen. For the manufacture of n 
lime requires slackiiig, which is accomplish! 
wetting it with a certain proportion of wf 
compound is thus formed, bearing the chi 
name of " hydrate of lime" 

It is evident that, to acquire practical inl 
tion concerning the properties of various lim 
analysis of a series of limestones must be tl 
step to obtain the requisite information. Tt 
dent should, nevertheless, be apprised that ch< 
examination alone will not enable him to < 
upon the quality of the material, but that his re 

* Limestones are compounds of earbomc add with lai^ablt 
i The meialiic bata of lime U " Ctdtiam^ ' and was diicoveri 
H. Davy, in the jear 1808. 
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should, in all cases, be accompaDied by actual expe- 
riment. Calcareous minerals are commonly distin- 
guished by their effervescing and dissolving in acid, 
and the readiness with which their surfaces may be 
cut or scratched with a knife ; their elements may be 
readily and accurately ascertained by the analytical 
process hereafter described. 

The analyses contained in this chapter have 
been mostly derived from the " Transactions of the 
Geological Society of London," a series of publica- 
tions containing papers of great practical value to 
the engineer, ^c. From the authenticity of those 
records, and the scientific eminence of the writers, 
it is anticipated that the various analyses thus col- 
lected and brought under immediate observation, 
will not fail to assist in developing the nature and 
quality of a most important class of building 
materials. 

Lime may be obtained from an immense variety 
of stones ; indeed, any stone exhibiting the indica- 
tions mentioned above, will bum to lime ; varying in 
quality in proportion as it is more or less impreg- 
nated with silex, alumina, iron, &c., the pure lime- 
stones furnishing the weakest lime.* Chalk is the 
most common variety of calcareous mineral from 
which lime is obtained ; its physical character is so 
well known as to need no remark. We shall merely 
observe, that when quarried, the less exposure it 

* M. Vicat states, " that do hydraulic mortar esiits without silica, 
&c." An exception has, howevet, beeD observed by Captain Smith, in 
favour of the lime made from DoUmniic or magntnim Umatones. (3ei 
Captain Smith's tranilation of " Fieat m Cmaitt.") 
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has received from the atmosphere, the bet 
the quality of the Hme. Most of the lira 
the neighbourhood of London and its s 
procured from Dorking, in Surrey. Tl: 
produced by burning masses of induratec 
chalk marie. Chalk forms an extensive 
spicuous geological feature in this island 
abundance, and the ease with which it is 
renders it a most available medium for 1 
facture of lime. 

The specific gravity of an ordinary 
of chalk is 2.3, and, according to the : 
Bucholz, contains — 

Lime 56 6 

Cwbonic Acid . . 43 
Water 5 



In its purest state it is a carbonate of 
the usual varieties contain much silicec 
which is separated from it by pom 
washing. 

Chalk may with propriety be con 
a "tender earthy limestone," the secc 
scale of materials from which lime 
Thus we consider lime made from th 
of argillaceous limestones, 1st; chalk, 
that made from shells, the 3rd. Nea 
is one of the escarpments of the ch 
and at two-thirds or three-fourths of 
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of the chalk strata, a very hard chalk is obtained, 
having a brownish tinge; this is quarried, broken, 
and burned, and forms the substance so Tcell known 
by the name of Dorking lime. In proportion to the 
depth at which the chalk is obtained, so is its state 
of induration, — in this respect not differing from 
other strata. It has been remarked, that within a 
few yards of the bottom of the chalk formation, there 
are one or more beds of it so hard as to be nearly 
equal to the best Portland stone. In many places its 
induration is so great, that it has been quarried for 
the purposes of masonry ; the following may be 
cited as instances of its employment as a building 
stone : — The abbey of Sturley, and its parish church, 
Berkshire : abbey of St. Omer's ; mullions and arches 
of St, Catherine's chapel nearGuildford, Surrey, Sec.* 
A lime obtained from Merstham in the same county 
(Surrey), is also extensively used ; it is obtained 
from an indurated chalk marie (clay and chalk), 
the kilns used for burning it into lime are distri- 
buted in various parts of the county ; those at Mers- 
tham are situated at the lowest level at which the 
marie is fit for the kiln, beneath which it becomes 
much harder and partakes of the nature of stone-f 
The more argillaceous forms of chalk marie, accord- 
ing to the analysis of Mr. Phillips, indicate carbonate 
of lime nearly 30 per cent. ; and the more cretaceous 
varieties 82 per cent, carbonate of lime, 18 silex and 

t Middletun. Communication, Montlily Magazine, 1812. 
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aliimine, chiefly the former, and a trace of the oxide 
of iron. 

For the greater convenience of the reader, we 
shall follow (as closely as the subject will admit) the 
reg;ular geological succrasion of strata, in order to 
exhibit successively the limestones peculiar to each 
formation. The limestone from which the greater 
number of the varieties of lime have been made and 
experimented upon, were of the sub-species.* 

According to Dr. Ure, compact limestone com- 
mon to the English mining districts is a carbonate of 
lime, having variable and minute portions of silica, 
alumina, iron, magnesia, and manganese ; it effer- 
vesces with acids and bums into quicklime. Sp. 
gr. 2.6 to 2.7. 

Oolitic series. 1. Portland. — The summit of 
the Portland beds, called the cap, is only burned for 
lime. The cap is No. 4 of the layers of the quarries ; 
it is a cream-coloured stone in three layers, with 
partings of clay, and so hard as to turn the steel 
points of chisels and pickaxes. 

2. Combrash. — ^Aloose rubbly limestone, affords 
lime of tolerable quality. 

3. Forest marble, a very shelly limestone. 

4. Bath stone. — Now extensively worked for 
the purposes of masonry : it is a tolerably pure car- 
bonate 'o( lime, but as a lime, possesses no remark- 
able features. The oolitic series contain such an 

• For this enumeration, see Ore's ChemicBlDict. Art. " Lmeitone." : 

h2 



ib,Googlc 



100 

immense number of intermediate beds of atone, 
capable of being converted into lime of variaWe 
quality, that the bare enumeration of them would 
occupy a very considerable space. It is sufficient 
for our present purpose to observe, that throughout 
the whole tract of country occupied by these forma- 
tions,* little difficulty is experienced in procuring 
limestone fit for the purposes of the arts, particularly 
that of masonry. They are, in fact, the grand de- 
positories from whence we draw the materials for 
our supply of building-stone; and ftimish, besides, 
inexhaustible materials for the use of tlie brick- 
maker and lime-bumer.f 

The series alluded to above (geologically speak- 
ing) include all the strata between the iron sand and 
the red marie. These comprise three great divisions, 
called the upper, the middle, and the lower oolitic 
systems or divisions ; each separated in a remarkable 
manner by an extensive argillaceous district or valley. 
This important circumstance so well defines the boun- 
dary of each division, that the architect or engineer 
may readily detect the general quality of the sub- 
soil by the locality of the separations. The stony 
beds of the first division are the Purbeck, Portland, 
Tisbury, and Aylesbury limestones, &c. Then fol- 
lows the valley of clay, known generally as the oak- 

■ Cotopriaing a zone having nearly thirty miles average breadth, 
and extending across the island from Yorkshire, on the north-east, to 
Dorsetshire, on the south-west .^(Conybe are). 

t The chapter on building-stone will describe the more remarkable 
' divisions of the strata. 
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tree clay. 2nd. Coral rag, &c. &x., divided by the 
Oxfoi-d or clunch clay. 3rd. Corn-brasb, or com- 
grit, forest marble, great and inferior oolite, contain- 
ing the Bath stone, &c. The Uas, and lias marie, 
forming the base of the whole. 

For the manufacture of cement, the lias lime- 
stone must be allowed to hold the most, prominent 
place in the above series. In the neighbourhood 
of Bath, the dislocations and disruptions of the in- 
ferior oolite, together with quarrying through the 
strata of stone, have laid open the lias formation; 
from hence is supplied the lias lime,- so exten- 
sively used in Wiltshire and the adjacent districts. 
In the recent alterations at Heywood House,* at 
Westbury, and at other extensive works in Wiltshire, 
the lias lime has been used as a cement in all under- 
ground or damp situations: its known property of 
setting under water renders it invaluable for such 

• Id Wiltshire and Somersetshire, the provincial termsfor the beds of 
Btonb avdlable for building, and procured from the Box-a tone-quarries, 
are, 1. Corngtit; 2. Scalit; 3. Ground stone; 4. Farley-down stone; and 
5, Cooffibe-down stone. The cocn-grit and icalit are' of a tolerably fine 
texture, but not weatherproof. Ground stone is an excellent veather 
stone, though BomeKhat coarse : it ia weU adapted for plinths, quoins, and 
projections that are much exposed to the weather. Farley-down stone 
ought to be employed for carvings and mouldinga in interior work, but 
unot proof agiunst the weather; if employed exlemaily, sufficient time 
should always be allowed for the rock water (which it contuns) to era- 
porate, otherwise the first attack of ftosl will disintegrate the whoU 
mass, causing it rapidly to fall to pieces : it should not be used in damp 
situations. Coombe-down atone ia of a coarser quality than Farley- 
down stone, it ig much harder, and of a gray colour: it is generally 
considered by masons as weatherproof, and may be used for almost any 
external purpose : the top beds are considered the best. 
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purposes. In the immediate neighbourhood, it is 
Imown among masons by the name of Bath brown 
limej and when prepared for cementing, or in com- 
bination with the patent metallic cement, is what is 
locally termed " mnd slacked;" namely — after hav- 
ing been burned, it is placed in covered sheds, but 
open at the sides, the atmosphere being allowed to 
operate upon it; should the slacking proceed too 
slowly, a small quantity of water may be sprinkled 
upon it to stimulate the process, but on no account 
should water in a considerable quantity be added; 
h is therefore much better (if possible) to allow 
the atmosphere to act for this purpose. The 
lime, when thus slacked, is converted into fine 
granulated particles, and is among workmen said 
to be " alive," as it will run from an iron shovel 
similar to quicksilver. The colour of the lias, pre- 
vious to burning, is blue; when it has passed 
the kiln, it is brown. The uniformity of its mine- 
ralogical character is well retained throughout, in- 
cluding also its foreign localities, which are very 
extensive : a correct knowledge of the lias limestone 
is, therefore, of almost universal application. Al- 
though a minute analysis of the lias limestone has 
not yet been made, we may cedculate upon the 
greater number of specimens containing as much 
as 90 per cent, of carbonate of lime, the residuum 
in all probability consisting of alumen and iron. 
Mr. Smeaton experimented upon the following 
varieties of lias lime, by dissolving 40 gr^ns of 
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each in aquafortis, and obtaining a prec 

each amounting to the following quantit 
o 

Yellow IJaa, of AxminaCer 

Do. with Bhining ipangles . , 
Yellow 8uch-B»ne, of GlMtonbury . . 
Blue Lia«, of Watchet 

Do. Aberthaw (Wales) . . . 

Do. Bath . 

Do. Asminiter* 

The next important limestone depoi 
associated with the red marie, or new re' 
This is denominated the newer magnes 
glomerate limestone,;}; from its containii 
of magnesian earth. The chemical a 
characters of this limestone are, a gra 
structure, glimmering lustre, and a yel 
it contains about 20 per cent, of mag 
abundance of this limestone in Englan 
an important object of notice, and tht 
its varieties will not fail to furnish useful 
to the engineer. It should be observi 
that in the composition of rocks (and 
ticularly the one in question) the sam 
present themselves that we find occui 
peatedly in experiments upon the st 
stiress of materials, where it has been 

■ CoDybeare, Geol. Eog. and Walea, p. 263. 

t " The limestone of St. Vincent's rocka near Bi 
with the lias), when calcined, yields a very pure lime 
of it are exported for the use of the sugar works in thi 
Ml uuBlacked state, and packed in tight casks, it is us 
building.'' — Dr. Bright on the strata in the neighbou 
vol. 4, Geol. Trans, p. 200. 

I Also called dolomite. 
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scantlings of the same size, from the same mass, 
and apparently of the same quality, offer results 
widely differing from each other : so, in the mag- 
nesiau limestone formations, in one place we meet 
with a common limestone, and in another spot not 
far distant an excess of magnesia ; even the same 
stratum (observes Dr. Gilley) " will vary in its 
colour, hardness, and general structure, in different 
parts of its course." With the rationale of this 
phenomenon we have, at present, nothing to do ; the 
fact is here mentioned with a view to guard the 
inquirer against the apparent contradiction that 
may arise in the course of his investigations. The 
principal range and extent of the magnesian conglo- 
merate formation is from Sunderland to Notting- 
ham. It makes its appearance in various other parts 
of this island, as will be seen by the localities 
described in treating of the several specimens 
selected for analysis. The continuity, however, is 
most apparent through the line of country alluded 
to above. A specimen of the magnesian limestone 
of Yorkshire, has been analysed by Smithson 
Tennant, Esq. ; it was procured from the stone of 
which York Minster is built, and found to contain 
as follows : — 

Carbonic acid . . 47 00 

Lime 33 24 

Magnesia ... 19 36 

Iron and Clay . . 40 

100 
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A similar variety, namely, that of 
ster Hall, yielded results nearly alike, but 
about two per cent, less of magnesia. 

The magnesian limestone of Sum 
situated to the north-west of the red 
The northern extremities of the western 
of the magnesian limestone are exposed i 
at CuUercoats in Northumberland. On tl 
the vicinity of South Shields, in the coun 
ham, the formation becomes extensive, a 
followed till it reaches the Tees below 
bridge, thirty miles south-west of that rive] 
with the sea, and for four miles from th 
South Shields. The celebrated quarry s 
near CuUercoats, offers an admirable o 
for the examination of the limestone of tl 
and is minutely described by N. J. Wi 
(4th vol. of the Geological Transactions^ 
we are indebted for a highly valuable paj 
geology of Northumberland and Durl 
which the following account is extrac 
hollow space, formed like a basin or troug 
with the limestone ; the length of this 
to west is about a mile ; the breadth froi 
south four hundred yards ; the depth se 
The beds pass over the Ninety-fathom E 
has occasioned in them no conliision or d 
so that there can be little hazard in st 
the beds of the magnesian limestone be 
more recent formation than those of the 
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The limestone has been quarried across its whole 
breadth, and a numerous set of thin strata are thus 
exhibited to view. At the surface loose blocks of 
a bluish gray coralloid limestone, the produce of the 
lead mine district, are found imbedded in the soil. 
Three or four of the uppermost strata of the quarry- 
are of white slaty limestone, which being nearly free 
from iron, bums into a pure white lime. Below 
these an ash gray firm-grained stratum is met with, 
which strongly resembles a sand-stone, and seems 
to contain nearly as much iron as the ferri-calcite of 
Kirwan, becoming magnetic by the action of the 
blow-pipe : it produces a brownish yellow lime, less 
esteemed for agricultural purposes than the former. 
The beds next in succession are of an ash gray 
colour, are compact in texture, and conchoidal in 
fracture ; these afford a buff-coloured lime, which 
sells for nearly the same price as the white : near 
the bottom of the quarry the limestone alternates 
with shale ; the whole rests upon a stratum of shale 
on the southern side, and upon a thick bed of sand- 
stone on the northern. The shale has been cut 
through to a comiderable distance from the kilns in 
the direction of North Shields, for the purpose of 
laying a railway to the Tyne. The thickn^s of the 
limestone strata varies from three or four inches to 
as many feet. Small strings of galena have been 
found here, and in one of the strata, that was walled 
up when I visited the quarry, a few organic remains 
have been noticed. The stone intended to be burned 
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is detached from the rock by thie a| 
during which process those portions 
iron become of a brick-red colour, 
quantities of fuel are found necessai 
and some parts of the rock are too a] 
the process ; an accident to which t 
limestone of Sunderland is not liable.' 
The limestone quarried in the vi( 
derland is of a brown colour; it contain 
matter, and, consequently, requires le 
conversion into lime.* The Northu: 
Durham limes exhibit the following ] 
an analysis of 100 parts of each ; — 

By the Rev. J. Holme, frorn Denton, nea 

CBrbonale of lime 

Ditto of Magnesia 

Alumina, Red Oxide of Iron and Bitutn 
Water 



By Sir H. Davy, from L 

Carbonate of Lime 
Ditto of Magneiia . 

Revdnwn .... 



* The exportation of Ume from Suuderluid U < 
tmd amount* to from forty-two t« forty-five thoi 
. ikitij biuheb! eacb, annnallf. 
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By Sir H. Davy, from Aycliff. 

Carbonate of LJme 45 9 

Ditto of Magnesia 44 6 

Residuum 2 3 

100 



Some specimeDS of this lime have the pro- 
perty of setting under water ; and, when mixed 
with bullock's blood, forma a strong iron cement, 
occasionally used for repairing boilers. The lime 
from Leigh and Ardwick was employed at Drury- 
lane Theatre, and used as a Tarras in those works. 
In the neighbourhood of Bristol there is a remark- 
able instance of the conglomerate limestone appear- 
ing in contact with the new red sandstone. The 
basis of the red ground, or new red sandstone, is in 
most cases a common limestone ; but at the village 
of Portiahead, near Bristol, a discovery was made 
by Dr. Gilby, of a limestone containing a consider- 
able quantity of magnesia ; the stone was of a 
yellow colour, resembling the Yorkshire magnesian 
limestone. In some strata it is so mixed with sand 
as to give more than 20 per cent, of insoluble 
matter. The fragmented portions are generally 
limestone or red sandstone ; but it is found that 
other strata are destitute of sand and iragments, 
forming, in fact, a hard compact magnesian lime- 
stone. This variety will give 36 or 38 per cent, of 
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carbonate of magnesia. A compact variety yields 
as follows ; — 

Carbonate of Lime 

Ditto of Magnesia ; 

Oxyde of Iron 

Insoluble matter 



A small ridge of rock, about four n 
west of Bristol, upon which Lord de Cli£ 
is built, is entirely composed of a magm 
stone. A specimen yields as follows : — 

Carbonate of Lime ■. . 1 

Ditto of Magnesia ; 

Oxide of Iron 

Silica and Bituminous matter .... 



The quantity of magnesia containe 
stone does not appear to operate injuria 
lime employed for building purposes, a 
presence, when used for agricultural p 
anything but favourable to vegetation, 
sence of magnesia in limestone used f( 
produces scarcely any other efiFect tban 
the proportion of clay greater in relat 

* Dr. Gilby on tbe magneuan limestone in the nei 
Briatol. Vol. iv., Geol. Trans., p. 212. 
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proportion of carbonate of lime. In order to ap- 
preciate the qualities of a CEilcareous stone as a lime- 
stone, it is sufficient to determine the quantity of 
argile and magnesia contained in it. The simple 
process by which this is effected is thus described 
by M. Berthier in the Annales de Chimie.* " Pul- 
verise the stone, and pass the powder through a 
silken sieve ; put ten grains of this powder into a 
capsule, and pour over it a little at a time, muriatic 
acid, nitric acid, or vinegar diluted with a small 
quantity of water, agitating it at the same time with 
a glass tube or small stick ; discontinue adding the 
acid when it ceases to effervesce; then evaporate 
the solution with a gentle heat, xmtil the whole is 
reduced to a pasty consistence ; dilute it in about 
half a litre of water, and filter it ; the clay remains 
on the filter, £uad must be dried in the sun or by 
a fire, and weighed ; or it will be better before 
weighing" to calcine it to a red heat in an earthen 
or metal crucible. Pour very limpid lime-water 
into the solution, as much as to cause a precipitate ; 
collect this precipitate, which is the magnesia, as 
quickly as possible upon a filter ; wash it with pure 
water, calcine or otherwise dry it as much as pos- 
sible, and then weigh it. If there be any iron or 
manganese in the solution, they will precipitate 
with the magnesia. It would be superfluous to 
attempt to separate these three substances from 
each other." 

* S«e abo Repertory of Patent Inventioni, vol. 43, U.S.', p. 1S5-6. 
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Girboniferous Limestone.' — Associated with the 
all-important coal districts of this country is a vast 
geological formation known by the above name, 
which significantly points out its characteristic lo- 
cality, and at the same time serves materially to 
mark the distinction between the magnesian lime- 
stone beds associated with the red ground or new 
red sand-stone. This rock exhibits generally .a 
close and compact body, capable of a good polish, 
and imperfectly crystalline,* prevailing colour gray. 
The purest beds contain about 96 per cent, of cal- 
careous matter. By admixtures, not common to the 
pure species, it passes into magnesian, ferruginous, 
bituminous, and fcetid limestone. For the manu- 
^cture of lime, possessing all the essential qualities 
of a cement, capable of the highest degree of indu- 
ration, the carboniferous limestone of England is 
upon the whole the most important in the class of 
calcareous minerals. From some unaccountable 
reason, the valuable properties of this mineral have 
not been sufficiently appreciated by the profession ; 
its use has, consequently, been very limited in our 
metropolitan works. In engineering operations 
good lime is a material that ought to be obtained, 
regardless of expense. Indeed, when it is con- 
sidered, that artificial hydraulic limes, such as are 
generally used in the metropolis, are obtained from 
a variety of ingredients collected in various districts 
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distant from each other, and subjected to careftil 
manipulation, it becomes a question whether the 
coDveyeince of the best varieties of this mineral to 
the London market would not prove of sufficient 
practical value to counterbalance the excess of outlay 
required in its general employment in our public 
works. The carboniferous limestone of Flintshire, 
North "Wales (parish of Whiteford), exhibits in an 
eminent degree the valuable "properties of the bitu- 
minous limestone. A careful analysis of a variety, 
consisting of 100 parts, was made at the request of 
Mr. Pennant, by Edward Daniel Clarke, LL.D., 
Professor of Mineralogy in the University of Cam- 
bridge, and published in the fourth volume of The 
Geological TransactioTts. We subjoin the process 
adopted, together with the results ; these afford an 
admirable example of chemical investigation, adapted 
to the examination of that description of minerals 
which forms bo prominent a class in the economy 
of engineering. The specific gravity of the lime- 
stone (alluded to above), estimated in pump-water 
at a temperature of 50° Fahrenheit = 2,670. It 
is of a dark brown colour, and, when breathed 
upon,* exhales an earthy odour, denoting the pre- 
sence of iron oxide, in combination with alumine ; 
but its colour is owing to bitwmen rather than 
to iron." 

1 , One hundred grains being placed upon red 

• All the sbaly limeBtonea may be lested by this method. 
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hot iron for the expulsion of the water of abs 
tion, were thereby diminished -jV of a grain. 

2. The remainder being reduced to powdf- 
pbrcelain mortar, and exposed to diluted mi 
acid until all effervescence ceased, there ren 
an insoluble residue of the original dark col 
the limestone, whic)^ when carefully washec 
dried, weighed ten grains; allowing, therefoi 
the weight of the carbonic add and lime, aft 
expulsion of the water of absorption, 89;^ graii 

3. The supernatant acid used in this e 
ment being decanted, and neutralized by the 
tion of an alkali, yielded no precipitate of i 
the tincture of galls ; but the prussiate of 
threw down a blue precipitate, upon which, 
ever, no reliance can be placed, as it is well 1 
that the prussiate of potass is not a satisfactoi 
of the presence of iron when this metal exists 
inconsiderable proportion. 

4. The ten grains of dark brown powder, 
tioned in No. 2, being collected, washed, and < 
were exp(^ed to the heat of a flame of a Ci 
ui^ed by the common blow-pipe, when combi 
instantly ensued, accompanied by a lambent 1 
which continued during some seconds, the pi 
thereby losing its colour and becoming v 
attended also by a l(ws of weight, amounting t 
a grain. Hence it is manifest that the cole 
owing to bitumen. 

5. To ascertain the proportion of alu 
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(which, from its chemical combination with silex, 
remained insoluble in the muriatic acid,) a plan 
recommended by Mr. Holme was adopted. One 
hundred other grains of the same limestone were 
calcined in a platinum crucible, and the loss of 
weight, owing to the expulsion of the carbonic add 
was found to equal 40-j^ graiq§. 

6. The calcined residuum being placed in muria- 
tic acid, a solution now took place both of the lime 
and the alumine, and there remained at the bottom 
of the vessel only an insoluble portion of pure silex, 
in the form of a white powder, whidi, when care- 
fully washed and dried, weighed ^ of a grain. 
Deducting, therefore, this weight of the silex from 
the weight of the silex and alumine, which remained 
in No. 4 after the combustion of the bitumen, the 
weight of the alumine is ascertained, which, of 
course, = 8^ grains." 

Thus we have, by the foregoing analysis, as 
follows : — 

Lime 49 65 

CubonicAcid 40 10 

Alumine 8 80 

Silex 60 

Bitumen 60 

Water 25 

100 



The valuable property of the mortar prepared 
from this limestone is owing to the presence and 
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proportion of alumine, and to its property of rapidly 
absorbing water. It may be added, that the cement 
possesses all the properties of the pulvis puteolanus 
of the Romans.* The following chapter contains 
observations on the nature and properties of other 
specimens of British limestone. With respect to 
the limestone of the continent, the admirable trans- 
lation of M. Vicat's work, by Captain Smith, and 
some papers by M. Berthier, translated, and in- 
serted in the 43rd Vol., N. S., of the Repertory 
of Patent Inventions, are references of which the 
student may readily avail himself with considerable 
advantage. We have now placed before the reader 
an analysis of the grand divisions of the limestone 
formations of this country. Each sub-division of the 
limestone deposit may, however, be found to vary 
in its component parts, and in its relative situation. 
In the choice of stone, and in its application, the 
analysis already given will materially assist any 
further investigation ; for the rest, observation and 
experience must decide. 

■ An anidyiii of thii lulwtsnce will be found in the folloiriug chapter. 
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CHAPTER V. 



THE CALCINATION OF LIMESTONE— OBSERVATIONS 
ON BRITISH LIMESTONES, &c. 



i has not hitherto heen found in a pure or native 
; but in combination with acids and earths it 
3 in vast quantities. In order to free it, as much 
ossible, from carbonic acid gas, water, &c., 
to render it fit for the purposes of the arts, the 
5tone must undergo the process of calcination, 
liming. The effect of various degrees of Gal- 
lon upon limestone has been carefully noted 
Ir. Bry Hi^;ins,* who, in the year 1775, in- 
ted a series of experiments for this purpose, 
ing ascertained, from the experiments and re- 
:hes of Dr. Black, that calcareous stones, which 
to lime, contain a considerable quantity of 
ilous gas, and that this gas, in chemical com- 
tion with earthy matter, formed the greater 

HigginB on CalcareouB Cement," 8vo. 1760. Since the publication 
wort, the progreii of chemical science has been so rapid, and 
lutta of later discoveries have elicited bo many new and important 
that the philosophical deductions of the writer have been thereby 
ed obsolete. It must be admitted, however, that the scientific 
btained from several of his experiments are of the highest value ; 
> these may be instanced the observations (No. I to 17) on the 
ition of limestone, given in the text. 
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portion of the mineral known as limestone, he (Dr. 
Higgins) proceeded to make the following exper 
ments, upon a scale sufficiently extensive to attest tl: 
value of the resists. 

" It should be observed, that the difference bi 
tween chalk lime and the lime obtained from the Vi 
rious limestones chiefly consists in the greater retei 
tion or expulsion of the carbonic acid gas containe 
in them. Specimens of different limestones and chal 
were procured and brokep into small pieces; thei 
were burned in close crucibles, lined with lime, 1 
prevent adhesion and vitrification. Similar spec 
mens and quantities were also operated upon i 
perforated crucibles, thereby admitting a free cu] 
rent of air through them during the firing pr( 
cess. Specimens, of three pounds in weight eacl 
were also subjected to a distillating process over 
graduated fire, in an earthen retort, of a size barel 
sufficient to hold this quantity. The neck of eac 
retort was lengthened with a conical glass tubi 
luted on with four parts of lime, one of fine san< 
and as much common glue as was sufficient to fori 
a paste. This luting was found impervious, -and i 
every way sufficient for the success of the exper 
ments. The extremity of the glass tube was in 
mersed in mercury, and by inverting a bottle fiUe 
with mercury over the extremity of the tube, wha 
ever water or gas wjis expelled from the calcareoi 
matter by the action of the fire was careiuUy co 
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lected and measured. The following observations 
were deduced from the foregoing processes : — 

" 1. Limestone or chalk heated to redness only, 
in a covered crucible, or in a perforated crucible, 
through which the air circulates freely, loses about 
one-fourth of its weight, however long this heat be 
continued. The sort of lime so formed effervesces 
■considerably in acids, slakes slowly and partially 
to a powder, which is not white, but is gray or 
brown, and heats but little, in slaking. 

" 2. Limestone or chalk,expo3ed to a heat barely 
sufficient to melt copper, whether in a perforated 
cracible or otherwise, loses about one-third of its 
weight in twelve hours, and very little more in any 
longer time. This lime effervesces but slightly in 
acids ; it heats much sooner Eind more strongly than 
the foregoing when water is sprinkled on it, and it 
slakes more equally, and to a whiter powder. In 
a variety of trials this lime appeared to be in the 
same state with the best pieces of lime prepared 
in the common lime-kilns ; for the quantities of 
acidulous gas obtainable from both by a stronger 
heat, or in solution, were nearly equal. They slaked 
in equal times, with the same phenomena, and to 
the same colour Eind condition of the powder. 

" 3. Lime burned in perforated crucibles, orin the 
naked fire, is whiter thsin that burned in common 
crucibles; in which case the air has not so free 
access to it, although the loss of weight be the same 
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in both; but this latter kind of lime, in si 
aflFords as white a powder as any other whic 
lost equally of its weight. 

," 4. When dry chalk or limestone is us 
the process above described for making lit 
close vessels, and for examining the matter ' 
is expelled by fire, the quantity of water ohtai 
from it by heat is so inconsiderable as to deser 
notice in our mensuration of that matter. 

" 5. Chalk or limestone heated gradual 
these close vessels, loses very little acidulot 
until it begins to redden ; after this the elastic 
i^ues from it the quicker as the heat is 
greater, and continues to issue until the 
glows with a vivid white heat, sufficient to 
steel. 

" 6. Forty-eight ounces of chalk yield tw 
one ounces of elastic fluid, the first portio 
which -are turbid as they issue, but soon Ik 
clear, without loss of bulk, by the condensat 
the watery vapour ; the remaining portions 
transparent and invisible. 

" 7. The residuary lime of forty-eight o 
of chalk, urged with such heat to the total e 
sion of the elastic fluids, weighs only twenty- 
ounces, whilst it is red hot. When it-cools it w 
more by reason of the air, which it imbibes a 
fire escapes from it. 

" S. When no more heat is employed th 
necessary for the expulsion of these elastic f 
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the residuary matter is found contracted sensibly 
in volume, and is good lime, although not so white 
as lime prepared in the usual way. With water it 
slakes instantly, grows hissing hot, and perfectly 
white. The slaked powder is exceedingly fine, except 
in those parts of the lime which lay in contact with 
the retort, which are always superficially vitrified, 
because clay and lime promote the vitrification of 
each other. 

" 9. The lumps of this lime, immersed iu lime 
T*ater, or boiling water, to expel the air which such 
spongy bodies imbibe in cooling, dissolve in muri- 
atic acid without showing any sign of efiervescenc^ 

" 10. Limestone or chalk, gradually heated in a 
crucible, or in the bed of a reverberatory fiimace, 
or in contact with the fuel in a wind-fiimace, does 
not become perfectly non-efiervescent and similar 
to the lime last described, in slaking instantly, and 
growing hissing hot when water is sprinkled on it, 
until it has, after a strong red heat of six or eight 
hours, sustained a white heat for an hour or more. 

" 11. Limestones heated sufficiently to reduce 
them to lime, which slakes instantly, with the signs 
above described, and which is perfectly non-efferves- 
cent, do Dot, in general, lose so much of their weight 
as chalkstone does, under similar treatment. Some 
limestones lose little more than the third of their 
weight. Those which lose the most, slake the 
quickest, and to the finest powder ; and those which 
lose the least, slake the slowest, and to a gritty 
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powder, composed of true lime and particles, 



" 12. The quantity of gypsum, or ol 
earthy matter, in well-burned lime, ie discovei 
dilute muriatic acid ; for this dissolves and 
away the lime, leaving the gypsum to be m< 
when dry, the part of the gypsum which d 
being too small to deserve any attention, 
any other earthy matter, or any saline mat 
isted in the limestone, it vitrifies with part 
calcareous matter in the heat necessary for i 
non-eServescent lime, and is separable by the 
last mentioned, and even by a fine sieve, i 
instances. 

" 13. When limestone or chalk is su 
heated to the highest degree above describi 
httle more, it vitrifies in the parts which toi 
fire vessels, furnace, or fuel, and the who! 
becomes incapable of slaking freely, or acti: 
lime. Limestone is the more apt to vitrify 
circumstances, as it contains more gypseous c 
laceous particles, and oyster-shells or cockl 
vitrify more easily than limestone or chall 
they are suddenly heated, which may be ii 
to their saline matter; for when they ar 
weathered they do not vitrify so easily. 

" 14. The agency of air is no further ne 
in the preparation of lime, than as it operate! 
combustion of the fuel. 

" 15. Calcareous stones acquire ths prop* 
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lime in the most eminent degree, when they are 
slowly heated in small fragments, until they appear 
to glow with a white heat, when this is continued 
until they become non-effervescent, but is not aug- 
mented. The art of preparing good lime consists 
chiefly in attending to these particulars. 

*' 16. That lime is to be accounted the purest 
and fittest for experiment, whether it be the best for 
mortar or not, which slakes the quickest, and heats 
the most in slaking; which is finest and whitest 
when slaked ; which, when wetted with lime-water, 
dissolves in muriatic acid or distilled vinegar with- 
out effervescence, and leaves the smallest quantity 
of residuary undissolved matter. 

" 17. The quick slaking, the colour of the 
slaked powder, and the former acid, are the most 
convenient, and, perhaps, the best tests, of the purity 
of lime. The whiteness denotes the lime to be freed 
from metallic impregnation, the others show any 
imperfections in the process of burning, and the 
heterogenous matter inseparable from the calcareous 
earth by burning." 

The results of the foregoing experiments are, 
perhaps, of greater importance to the scientific expe- 
rimentalist than to the practical lime burner. The 
'calcination of limestone in small quantities may be 
effected with tolerable success and uniformity of 
operation in the labcaxitory ; but, on a comparison 
with the effects produced by the more extended 
operations of kiln-bumtngs, certain anomalies present 
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themselves, which (as yet) have not been satisfi 
torily explained. Before adverting more parti( 
larly to these, we proceed with a description of ) 
various kilns (suited to particular districts), and b 
adapted for the calcination of limestone on an ext< 
sive scale. 

Several attempts have been made to econom 
the calcination of limestone by the simultaneous p 
paration or manufacture of other materials tl 
required the agency of heat. We may particula 
instance the manufacture of coke, and the operati 
of brick-burning in conjunction with lime-burning. 

The first of these contrivances — namely, ' 
combination of coke-ovens with a lime-kiln" was i 
subject of a patent granted several years ago 
Mr. Heathom, of Maidstone. This gentleman h: 
for upwards of ten years, been employed in exam 
ing and experimenting upon a variety of kilns, e 
eventually succeeded in constructing a kiln tl 
should prepare coke, at the same time that the liu 
stone underwent the process of calcination. 

By this process the whole of the fuel emploj 
is saved by its being converted into coke ; in ad 
tion to this, the drawing of the lime may be acco 
plished with a facility equal to that of a comm 
tunnel-kilu ; the chalk or stone is also calcined 
gradually that no refuse is left, and consequently I 
operation of sifting is dispensed with. Kilns on t 
construction are in operation at Maidstone, Ha 
ney, and at Hastings. 
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The following descriptioD of th« kilns, and the 
mode of working, is derived from an account fur- 
nished by the patentee, and inserted in the " Re- 
gister of Arts and Journal of Patent Inventions."* 

"The drawing. Fig. 1, Plate 10, represents a 
vertical section of the lime shaft and coke-ovens ; A A 
are the side walls (about four feet in thickness), of a 
rectangular tower, the internal space being filled 
with limestone from the top to the iron bars, B B, 
at bottom, whereon the whole column rests. The 
limestone is raised in a box D, or other proper re- 
ceptacle, to the top of the building, by means of a 
jib and crane, E, or other tackle, which is fixed at 
the back of the tower, together with a platform pro- 
jecting from beyond the walls, for affording security 
and convenience for landing. When the limestone 
is raised as represented, the jib is swung round, and 
the lime box tilted, by which the whole contents are 
thrown into the shaft. 

" The coke-ovens, of which there may be two, 
or a greater or l^ser number, according to the mag- 
nitude of the works, are constructed and arranged 
in connexion with the lime shaft, in the same man- 
ner as the two represented in the drawing at F F. 
These ovens are suppUed with coal through iron 
doors in the front wall (not seen in the section), the 
doors ^ave a long and narrow horizontal opening in 
the upper part of them to admit sufficient atmo- 

• No. 91, Vol. iv., pp. 290-91. • 
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spheric air, to cause the combustion of the bituminous 
or inflammable part of the coal ; the flames pro- 
ceeding from thence pass into the lime shaft throiigh 
a series of lateral flues (two of which are brought 
into view at G G), and the draft is prevented from 
deranging the process in the opposite oven by the 
interposition of the partition wall, H, which*directs 
the course of the heat and flames throughout the 
whole mass of the lime ; the lowermost and prin- 
cipal portion of which attains a white heat, the upper 
a red heat, and the intervening portions the inter- 
mediate gradations of temperature. 

" When the kiln is completely charged with 
lime, the openings in front or beneath the iron bars, 
at I I, are closed and barricaded by bricks, and an 
iron cased door, which is internally filled with sand, 
to effectually exclude the air, and to prevent the 
loss of heat by radiation. 

• " Therefore, when the kiln is at work, no atmo- 
spheric air is admitted but through the narrow aper- 
tures before mentioned in the coke-oven doors. 
When the calcination of the lime is completed, the 
barricades at 1 1 are removed, the iron bars at B B 
are drawn out, by which the lime ialls down and 
is taken out by barrows. It sometimes happens, 
however, that the lime does not readily fall, having 
caked or arched itself over the area which incloses 
it, in which case a hooked iron rod is employed to 
bring it down. To facilitate this operation inevery 
part of the shaft, where it may be necessary, a series 
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of five or six apertures, closed by iron doors, are 
made at convenient distances from the top to near 
the bottom of the shaft : two of these are brought 
into view at K K, where their utility is made appa- 
rent in the drawing. Two similar apertures are 
shown in section at the coke-ovens at L L, which are 
for t\x9 convenience of stoking or clearing out the 
lateral flues, G G, from any matter that might ob- 
struct the free passage of the flames and heated air. 

" When the coals have been reduced to coke, 
the oven doors in front (not shown) are opened, and 
the coke taken out by the peel iron, the long handle of 
which is supported by a swinging jib, that acts as a 
moveable fulcrum to the lever or handle of the peel, 
and thus facilitates the labour of taking out the 
contents of the oven." 

The combination of a bricA-kihi with a Ikne- 
Uln is suited to particular districts, where coals are 
scarce, or where economy is much studied. Jhe 
combustibles employed are fagots or furze, &c. ; 
and when limestone is thus calcined, it is techni- 
cally termed " flare " or " flame burnt." 

The construction of these kilns is as follows : — 
If they are built independent of any other support, 
the walls should be from four to five feet in thick- 
ness, and the face of the work made to batter up- 
wards. In external appearance, they are in the 
form of a truncated pyramid, whose base externally 
measures between twenty and thirty feet, and the 
altitude about fifteen feet. The AimaoeB of the kUn 
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consist of several arched openings (the number 
varying with the size of the kihi) ; these openings 
extend from the front to the rear, and are arched 
throughoHt with large loose pieces of the lime- 
stone intended to be burnt. Upon the crown of 
the arches the limestone is now heaped up to the 
height of eight or more feet, and upon the top are 
laid from fifteen to twenty thousand of new un^ 
burnt bricks. When the kiln is about to be fired, 
small quantities of fuel are placed under the arches, 
and the external openings are then bricked up nearly 
to the top — sufficient room only being left to add to 
the fuel as occasion may require. 

A kiln of the above form and dimensions will 
calcine the whole of the limestone (about 120 quar- 
ters), and bum the bricks in the space of forty 
hours.* 

All permanent or perpetual draw-kilns should 
be well dried by fire, previously to their being em- 
ployed for burning the lime. The great heat to 
which they are subjected renders this precaution 
necessary to prevent their premature destruction by 
expansion.^ 

The practice adopted in some parts of Scotland 
for the calcination of limestone, is by means of a 

■ See Wild's Inetructions to EmigranU; — a work containing much 
valuable information od the lubject of economical building^. 

t A recent eKamination of a furnace for reducing iron ore, at 
Staveley, near Derby, showed an expansion of nearly eighteen tnclies. 
The fiimace in built of brick, and aimilar to a lime-kiln in form ; the 
diameter at tba widest part outtide ii about nventeen feet. 
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tructed according to the drawing Fig. 2, 
This kiln is a modification of one called 
'9 kiln," and is considered by competent 
I be superior to most others where coal or 
iky fuel is employed. A particular account- 
[n has appeared in the Gardener's Maga- 
1 the communication of C. J. S. Monteath, 
;ntleman who has had extensive experience 
arrying and burning of lime. 

following remarks, extracted from Mr. 
I's paper, apply more particularly to the 
lents and proportions to be attended to 
struction : — 

le kiln is built in a similar situation to 
; kiln' (on the side of a bank); is of an 
, and thirty-five feet in height ; the dia- 
the bottom, next the fuel chamber, is only 
'o inches; but gradually extends, till, at 
t of twenty feet, it is five feet ; which di- 
is continued to the top, where the oval 
is nine feet by five. There is an arched 
the top (as represented in the drawing), 
on small wheels, and is drawn off and on 
sses H H, and has two small openings 1 1, 
i chimneys for the exit of the smoke, 
the fuel chamber to this kiln is very broad 
tion to its depth, three separate doors or 
are found necessary, as well as advanta- 
r more speedily and easily drawing out 
In some cases, instead of a moveable 
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cover, a permanent roof of masonry may be adopted, 
which should have proper openings to admit the 
siipply of lime and fuel (closed hy sliding shutters 
or hinged doors), while on the roof there should be 
a chimney for the escape of the smoke. 

" The chief use of a cover, whether fixed or 
moveable, is, of course, to retain the heat ; hut where 
it is a fixed structure, and sufficiently large, some- 
thing will be gained by placing the fuel and lime- 
stones there, to be dried and heated before they are 
thrown into the kiln. Three-fifths of the ' clos^- 
hum oval kiln' may he drawn out every day ; and 
when it is closed at top and bottom, the fire will not 
go out for five or six days." 



Yorkshire Lime Burning. 

Yorkshire abounds in a variety of limestones ; 
some of them being particularly fitted for the pur- 
poses of agriculture (such are those obtained from 
the southern edge of the eastern moorlands), and 
others no less excellent for building purposes, 
namely, the limestones of Brodsworth, Roach 
Abbey, and adjacent places. 

In a country po^essing such an abundant sup- 
ply of this mineral, and where its use and exporta- 
tion are so extensive, it may be readily supposed 
that efficient means for its calcination bave not 
been forgotten. The drawings, figs. 3, 4, 5, plate 10, 
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he construction of the Yorkshire lime-kilns. 

used in these kilns consists of small coal 
tified with the limestone, 
lorrespondent in the Mechanics' Magazine, 
at in the county (vol. vii. p, 178), observes, 
Lxing on a place to build a kiln, the side 
I, near the rock from which the limestone 
aed, should be chosen. The operations of 
cmen are commenced by excavating a suffi- 
ace to receive the back of the kiln ; in erect- 

shafl, two walls are to be carried up with a 
etween them. The vacuity is to be filled 
small rubble" (or sand) in order to prevent 
ation of heat, and the inner wall must be 
ith a grit stone lacing, about a foot or 
1 inches wide. This stone will stand an in- 
!at ; whwi repairs are required, the wall in 

prevents the materials from falling in. 
e cost of the kiln, built according to the 
^ will not exceed -30^. Fig. 3 is an eleva- 

tbe kiln built ^;ainst the limestone rock, 
plan of ditto, and fig. 5 represents a section 

the centre of the kiln. The various de- 
iBoensioDS are annexed to the drawings, 
e reader will observe that the construc- 
the above kiln is similar to the furnaces 
k1 for reducing iron ore, in some parts of 
lire. 

certain districts of Yorkshire, Shropshire, 
ind ScodMid, where lime is required for ma- 
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nure, a singular practice prevails of calcining 
limestone without the use of kilns. The limes 
is calcined according to the method usually ado' 
for preparing charcoal. The stone is taken in I 
pieces, placed in a cavity ia the ground, and hes 
up in a conical form (called cooks), and, to re 
the heat and flame, is covered over with sods 
earth. 

Dorking has been long celebrated for the ( 
lity of its lime. It has been for many years exi 
aively employed in and about London for wo 
which at least have acquired the reputation of bt 
constructed with the most approved materials. 

One of the most extensive establishments 
quarrying and burning this lime, is that of Mes 
Bothwell, situated at Dorking, on the spot wl 
some of the best rock chalk is to be obtained. ' 
arrangement of the kilns differs materially from tfc 
already described (see plate 10). Through the ki 
ness of the proprietors, we are enabled to give 
drawings of one of these kilns (see plate 11), wh 
is of excellent construction, and found to answer 
purpose in the most efficient manner. 

Fig. 1 (plate 11) represents the elevation of 
kiln. Fig. 2 is a longitudinal section of the aai 
(taken through the throat and furnace,) and fig 
represents the ground plan. The several dim 
sions and references are subjoined, in order to ren^ 
the construction more intelligible and available 
the engineer. 

k2 
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The limestone of Ireland is, for the greater part, 
crystalline — much of it, in fact, being marble, of ex- 
cellent quality. The form of the Irish permanent 
kilns is generally that of the " egg placed upon its 
narrower end, having part of its broader end cut off," 
The compact texture of the limestone requiring con- 
siderable heat for its calcination, this form has been 
adopted, and is said to possess the following advan- 
tages :— 

1st. " The upper part of the kiln being con- 
tracted, the heat does not fly off so freely as it does 
out of a spreading cone. 

2nd. " That when the cooled lime is drawn out 
at tlie bottom of the furnace, the ignited mass, in the 
upper parts of it, settles down, freely and evenly, into 
the central parts of the kiln ; whereas, in a conical 
furnace, the regular contraction of its width, in the 
upper as well as the lower parts of it, prevents the 
burning materials irom settling uniformly, and level- 
ling downward. They 'hang' upon the sides of the 
kiln, and either form a dome at the bottom of the 
burning mass, with a void space beneath it, thereby 
endangering the structure, if not the workmen em- 
ployed ; or, breaking down in the centre, form a fiin- 
nel, through which the unburat stones find their 
way to the draft holes. The contraction of the lower 
part of the kiln has not the same effect ; for, after 
the fuel is exhausted, the adhesion ceases, the mass 
loosens, and, as the lime cools, the less room it re- 
quires. It therefore runs down freely to the draft 
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holes, notwithstanding the quick contraction of the 
bottom of the kiln or furnace. 

Lastly, " That with respect to the lime furnace, 
the fire requires to be furnished with a regular sup- 
ply of air. When a kiln is first lighted, the draft- 
holes afford the required supply. But after the fire 
becomes stationary in the middle, or towards the 
upper part of the kiln (especially of a tall kiln), 
the space below is occupied by burnt lime, and the 
supply from ordinary draft-holes becomes insuffi- 
cient. If the walls of the kiln have been carried up 
dry or without mortar, the air finds its way through 
them to the fire. 

" In large deep kilns that are built with air-tight 
walls, it is common to form air-holes in their sides, 
especially in front, over the draft-holes. But these 
convey the air, in partial currents, to one side of 
the kiln only, whereas, that which is admitted at the 
draft-holes passes regularly upward to the centre, as 
well as to every side of the burning mass ; and, 
moreover, tends to cool the burnt lime in its passage 
downward, thereby contributing to the ease and 
health of the workmen, 

" Hence it is thought that the size of the draft- 
holes ought to be proportionate to that of the kiln, 
and the size of the stones taken jointly (air passing 
more freely among large, than among small stones), 
and that the required supply of air should be wholly 
admitted at the draft-holes. By a sliding or a 
shifting valve, the supply might be regulated, and 



by Google 



the degree of heat be increased or diminished at 
pleasure."* 

In opposition to the foregoing recommendations, 
it is held that, although a (partial) reverberation is 
effected, the opening at the top of the kiln is suffi- 
ciently large to admit of a great escape of heat. But, 
admitting that a efficient reverberation takes place 
to throw back the heat upon the limestone, it also 
throws back the carbonic acid gas which it is the 
main object of the calcination of the limestone to 
expel ; add to which, the uninflammable nature of 
the gas alluded to senrea to extinguish the flame. 

If, in other respects, a trifling advantage may 
appear, we feel persuaded that the difficulty expe- 
rienced by the workmen, ia" attempting to clear the 
hollow sides of an oval of'elliptical kiln, will prove 
fatal to their general employment.'!' Irish kilns are 
filled with alternate layers of turf and limestone, of 
two feet and one foot in thickness, and are fired by 
igniting the turf at the bottom. 

The only observation of general importance, 
made by lime-burners, is, that the quantity of stone 
calcined with a given quantity of fuel depends upon 
the qv4ility of that fuel. Lime-kilns have, accord- 
ingly, been constructed with greater regard to the 
quality wf the ftiel employed, than to the nature of 

• NichoboD, Arch. Diet. Ari. "Kiln." 

t A drawing of a kiln of the figure alluded to above ia given in 
Captain Smith'a translation of " Vicat on Cements," and ie there in- 
RtAttcedai "abadformcfldlit:' See pUte 1, fig. 9, of that work. 
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the stone to be calcined, or the operatioD of different 
d^criptions of fuel upon the various species of lime- 
stones, during the period of their calcination. 

Captain Smith observes, " That the effects of 
calcination are not confined to driving off the water 
of crystallization and carbonic acid from compound 
limestones; it further modifies the constituent oxides, 
one by the other. In £tct, if we treat an argillaceous 
carbonate of hme by a weak acid, it forms a deposit 
more or less abundant. After calcination, on the 
contrary, a complete solution is effected ; the clay, 
therefore, has entered into combination with the 
Hme." 

The important fact pointed out by Dr. Gilby, 
relative to the variety of character exhibited in the 
same mass of limestone rock, or in contiguity there- 
to, induces us to Cixpresa a doubt of the possibihty of 
constructing a lime-kiln capable of calcining the 
whole mass of materials in a perfect manner. It is, 
probably, owing to the unequal distribution of the 
constituent parts of the limestone in the same mass, 
that unbumed pieces, dead lime, sub-carbonates, 
vitrified masses, &c., are formed ; for it is evident, 
that, to calcine the whole mass perfectly, the degrees 
of heat must be as varied as the quaUty of the ma- 
terials. When the quality of tiie limestone is well 
ascertained, and found to be of uniform character 
(as in the case of Doi^ing lime), the experience 
derived from actual practice will soon point out the 
necessary temperature required for its proper cal- 
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ciuatioD, and the kind of fuel best adapted for the 
purpose. 

The calcination of limestone upon scientific 
principles has been the subject of several English 
patents ; the following list, obligingly furnished by 
Mr. L. Hebert,* of Birmingham, will be found 
extremely valuable to those whose attention may be 
directed to the further improvement of a process 
so important to the. arts. 

JAst of English Patents granted for Lime Burning. 



Whtn grulnL I 
July 5, 1796 
Oct. 3, 1796 
July 20, 1801 
Feb. 13, 1809 
Maj 9, 1809 
May 19, 1818 
June 1, 1819 
OcL 7, 1824 
Nov. 17, 1824 
June 6, 1S25 



Goie 
Pepper, Jun. 
Stanhope 
Grellier . 
Broober . 
Leger ., 
Geldart . 
Benecka 
Heatbom 
ApBden . 



Impioved Iiime Kiln. 
Ditto ditto 
Ditto Burning. 
Ditto Kiln. 
Erecttng lime Kilns. 
Lime Burning. 
Heating Kilna. 
Making Lime. 
Improved Lime Kiln. 
Making Lime. 



In order to point out the nature and peculiari- 
ties of some of the most important hmestones indi- 
genous to this country, we subjoin the following par- 
ticulars, which have been deduced from actual expe- 
riment The various specimens were procured on 
the spot, and each chosen as ordinary examples of 
the hind to which they refer, 

■ Inventors and patentees may conault a complete and valuable 
register of all tbe patent! wbicb bave been granted since the passing 
of the Patent Laws, by application, at Mr. Hebert's OfBce, No. 12, 
Staples Inn. Tbe author is happy to bear testimony to tbe great 
talent and integrity of Mr. Hebert as an Engineei and Patent Agent 
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OBSERVATIONS ON VARIOUS BRITISH LIMES! 
ACTION OF ACIDS THEREON, &c. 



DorHng Zamestone — (Chalk). 

This limestone consists of an indural 
marie (clay and chalk) of a dull gray ( 
opaque, and in minute soft grains. Whe 
with muriatic acid previous to calcination 
vesces violently, and deposits a considerable 
of clay (according to Smeaton, one-sevente 
of its weight). After calcination it is ligh 
and of a yellowish tinge. If calcined su 
and immersed in dilute muriatic acid, t 
is taken up, or held in solution. 

This limestone is more or less intermi 
extraneous matter, depending upon the i 
peculiarity of the adjacent strata. Thus, 
limestone at Greenhithe, Gravesend, and 
a^ociated with flint ; that at Mersham an<j 
with clay, sand, Jind a description of sands 
Some ordinary specimens of Dorki 
taken from Messrs. Bothwell's kilns, am 
soon afterwards into a paste, formed a ligl 
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coloured tenacious mixture, slightly effervescent with 
acid. The lime evolved great heat in slacking, and 
rapidly fell to powder. When the Dorking lime- 
stone is reduced from the state of a carbonate to 
that of lime, by calcination, it should be used imme- 
diately, in consequence of its falling to powder by 
exposure; its strength is much impaired thereby, 
and njore lime is required for its conversion into 
good mortar. 

The peculiar fitness of Dorking lime for the 
ordinary purpcses of building is noticed further on. 

Kentish Rag — (Green Sand fonnation). 

This stone is to be found abundantly in the 
Weald of Kent, Surrey, Sussex, &c. Tt is com- 
pact, hard, and of a dark gray colour ; effer- 
vesces violently in dilute muriatic acid,* and 
deposits a considerable portion of sand after the 
lime has been taken up by the acid. The greater 
part of the sand is large, and in transparent, 
colourless, and angular grains. It is interspei'sed, 
however, more or leas, with green and red particles, 
of a silicious nature. After the effervescence the 
acid remains turbid. 

■ In all these esaminatJoDs the author haa employed dilute mnriatic 
acid as the solvent, and the products were examined with the micro- 
scope. Each specimen, before iti diseolution, was about the size of a 
hazel nut. 
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This stone fbrras a plea»ng ornamental ma- 
sonry when properly displayed. It is durable, and 
forms excellent quoins for flint walls. 

In the county of Kent, a cubic yard of this 
stone is called a cord. It requires twenty cordB of 
stone to form a rod. The rod = 272^ feet super 
one foot thick. This masonry requires one hundred 
of lime and two yards of sand to the rod. Value 
per rod 13/. Worked quoins are of the value of 
Is. 6d. per foot, labour only. 

Portland— {Oo\\\ic). 

This stone is procured from the Isle of 
Portland. Similar varieties are also procured 
at Tisbury (Wiltshire), and Aylesbury (Bucks). 
The Portland stone efiervesces violently in muriatic 
acid, and deposits a small portion of very sharp 
fine-grained transparent sand. After the effer- 
vescence has ceased the acid is left tolerably clear. 
Portland stone chiefly consists of small egg-shaped 
particles of carbonate of lime closely connected 
tc^ther, and of a dull white or gray colour. After 
the fire, in 1666, the quarries in the Isle of Port- 
land were extensively worked, and supplied stone 
for the masonry of nearly all the buildings erected 
by Wren, and subseqiient architects. 

The employment of Portland stone for building 
has decreased materially within the last quarter of 
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a century. It has been superseded by Bath stone, 
another of the oolitic series, which we shall presently 
notice. The action of the atmosphere upon Port- 
land stone is very destructive, in consequence of the 
more soluble parts of the carbonate of lime becom- 
ing decomposed under its influence. The organic 
remains with which the stone abounds are conse- 
quently loosed from their matrix and fall out. The 
internal structure of the stone, becoming exposed, is 
now attacked, and rapid decay follows. In London, 
the effect of the atmosphere upon Portland stone is 
in other respects very remarkable. The projections 
of cornices, soffits, throatings, carvings, &,c., are, in 
the interval of a few years, coated with a black ata- 
lactical substance, giving that dingy appearance 
so ofi«n remarked as being peculiar to the public 
buildings of the metropolis. Upon testing a quan- 
tity of this substance with muriatic acid, a strong 
effervescence took place, leaving a considerable 
residuum of carbonaceous matter. We offer the 
following as the most probable cause of this phe- 
nomenon : 

To a certain height, the atmosphere of London 
is strongly impregnated with carbonic acid gas, and 
also carbonaceous matter floating therein ; the for- 
mer, being carried up in a heated state from the 
numerous fires, 8cc., combines with the water (particu- 
larly in the case of rain) of the atmosphere, and is 
thrown by the wind, &c., against the buildings. 
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Now it is known that water containing carbonic 
acid gas becomes a solvent for carbonate of lime, 
consequently when the impregnated water settles, a 
alow decomposition will take place, and the loosened 
and undissolved particles of the stone, accompanied 
with the carbonaceous matter, will flow down the 
weatherings, &c., and settle upon the lower edges 
and surfaces of the ornamental or other projections, 
when it is dried, and forms the black mouldering 
substance above alluded to. To strengthen the fore- 
going supposition, we may remark, that in propor- 
tion to the height of the building, so are these effects 
more or less observable ; the more lofty buildings, 
such as church towers, &c., being comparatively 
free from the black substance, near their summits, 
but increasing as we approach the level of the house 
tops. A few years ago, an attempt was made by 
Mr. Henning, the sculptor and medallist, to protect 
exposed specimens of sculptured masonry, by coating 
the stone with a peculiar composition (we think it 
was wax and oil). How he succeeded we are unable 
to say, but are certain that an effective composition 
for the above purpose would prove of incalculable 
vahie in staying the rapid prepress of decay, to 
which all buildings, constructed with limestone 
masonry, are particularly liable in this humid and 
changeable climate. 
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Bath 5'tonc— (Oolitic). 

The following varieties of Bath limestone are 
oolitic in their structure, and are carbonates of lime, 
having but little extraneous matter. 

The whole of the s^es ccmsist of minute egg- 
shaped grains of carbonate of lime, imbedded in a 
matrix of a softer nature, in which ia mixed an 
immense number of very small comminuted shells. 

Farley Down Stone.- — Cream-coloured, effer- 
vesces violently in acid, and leaves a dark-coloured 
residuum. After efiiervescence the acid is left turbid, 
and of a dark yellow colour. It is imfit for damp 
situations, such as plinths. 

Box Scalit, No. 1. — Lighter coloured than 
Farley Down Stone — effervesces strcmgly, and leaves 
little residuum. It oontains small crystals of carbo- 
nate of lime. This stone ia unfit for exposure. 

Box Scalit, No. 2. — Cream-coloured, coarsely 
oolitic, strongly effervescent, and leaves little resi- 
duum. Unfit for exposure. 

Box Com Grit, — Cream-coloured, coarsely 
oolitic, intermixed vith lairger particles of shells 
effervesces strongly, leaves no residuum. This stone 
is adapted for works above ground. 

Box Ground Stone. — Coarsely ooUtic (some 
oolitic particles being much flattened), dark cream- 
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colour, effervesces strongly, leaves more residuum 
than the others. This stone is a good weather stone. 

Coombe Down Stone. — Coarsely oolitic, darker 
colour than the above, Tfith small shining crys- 
tals of carbonate of lime. This stone effervesces 
strongly, and leaves little residuum. It is a good 
weather stone. 

Iq addition to the foregoing specimens, pro- 
cured from the quarries, another specimen was exa- 
mined, but with very different results. This spea- 
men was obtained by the author, at Worcester, 
during the present summer (1838). It is a frag- 
ment from a block of Bath stone, which was being 
prepared for the restoration of the pinnacles at the 
eastern front of the Cathedral. The stone bears 
every resemblance to the Box Com Chit ; it effer- 
vesces strongly, but deposits a considerable number 
of oohtic particles, perfectly insc^uble. These parti- 
cles, when examined with the microscope, were 
oteerved to be of a yellow colour, semi-transparent 
(in the moist state), and sufficiently tender to be 
crushed by a fine steel point. In the dry state the 
same particles were opaque and white. Another 
piece of the same stone gave the former residuum, 
with the addition of a few grains (apparently) of 
ales. The action of acid on the oolitic grains 
of the carbonate indicated that the grains con- 
sisted of two or more concentric Icofers of lime, 
as it could be distinctly perceived that each layer 
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was, in its turn, attacked by the acid. Whether 
each of these grains have a nucleus, or whether 
some are only hollow, we have not, as yet, been able 
to determine. 

To ascertain- the cause of the form and deposit 
of oolitic particles in limestone, is a subject well 
worth the serious attention of the' practical chemist 
The investigation of this subject might probably 
serve to account for the production of boiler balls 
in some steam-engine boilers.* 



Brodsworth Limestone — (Oolitic). 

Brodswortk Stone. — This Umestone is procured 
from Brodsworth, in the county of YoA, 5J miles 
from Doncaster. It is a tender limestone, of a light 
cream colour, works to a good face, and forms good 
ornamental masonry. In its internal structure, it 
approaches to the soft powdery appearance of chalk, 
but is slightly oolitic. It effervesces violently in 
acid, leaves little residuum, the acid is left turbid, of 
a dark yellow colour, with a scum floating on the 
surface. 

* For a description of these Temarkable deposits, see " Arvutnmg 
on SUam Boikn," Part iii., pp. 77-8. 
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Purbeck — (Wealden Group). 

Purbeck. — A very compact, smooth -grained 
calcareo-silicious Btone, effervesces in acid, and 
yields a considerable quantity of mixed sand, 
namely, rounded and angular. The sand is varied 
in colour, being composed of brown, green, and 
transparent grains, the latter particles being the most 
numerous. After effervescence the acid remains 
tolerably clear. This stone is practically so well 
known that its uses need not be pointed out. 

Lias, from near Bath. 

Colour, dark gray, effeiTesces strongly in acid, 
depositing a dark-coloured clay. The solution con- 
tains much iron, is very turbid, and of a dark green 
colour. A few hard black grains of a metallic 
lustre remain refractory in the liquid. 

No. 2. — A very compact specimen of lias, from 
near Stoke Prior, Worcestershire, afforded, under a 
similar examination, corresponding results. Many 
specimens of the lias limestone form a very durable 
masonry. The pedestal ot the great chimney shaft 
at the British Alkali Works, at Stoke Prior, is built 
with this kind of stone. The pedestal is 75 feet 
iu height, 36 feet diameter at the base or plinth, 
and 32 feet diameter above the plinth, which 
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is ten feet six inches in height. The whole height 
of the shaft is 308 feet. 

Septaria* from the London Clay, 

May be properly classed among the hydrauKc 
limestones indigenous to this country. It consists 
of '* ovate or fiattish masses of argillaceous lime- 
stone," arranged in nearly horizontal layers, chiefly 
found imbedded in the London clay. This sub- 
stance is sometimes coated with a calcareous spar, or 
sulphate of barytes ; it forms the basis of some well- 
known hydraulic cements of good quality. A speci- 
men procured from the excavation of the Primrose- 
hill Tunnel (London and Birmiugham Railway), 
effervesced considerably in dilute acid, and deposited 
a greater quantity of clay than lias ; the colour was 
also much darker. 

Roche Abbey stone (carboniferous series) is 
a compact crystalline limestone, of a gray colour. 
It effervesces slowly in acid, without leaving any 
residuum, and the solution is but little discoloured. 
This stone works to an excellent face, and forms 
durable masonry.'!' 

Previous to the institution of certain experi- 
ments on water cements, by the late Mr. Smeaton, 

■ Also called Sheppy and Harwich Cement Stone, from its bein 
obtaioed in considerable abuodaiicfl at tboie places. 

t A complete anal; aii of the principal British limestones viti be 
given when treating of the quality of lime they afford. 
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an opinion had prevailed among practical men, that 
calcined chalk produced the weakest lime, in con- 
sequence of it8 being obtained from^e most tender 
limestone. 

To prove the truth or fallacy of this opinion, 
experiments were made with two specimens of lime- 
stone, apparently of very opposite qualities, the one 
being a piece of common chalk,* and the other an 
equal quantity of Plymouth limestone; the result 
proved that no perceptible difference existed in the 
quality of the two limes, but that each was of the 
same crumbling and weak nature ; satisfectorily 
proving that the quality of the lime was not owing 
to the density of the limestone. Succeeding experi- 
ments, made by the same engineer, established a 
fact of much greater importance, namely, that pure 
limestones, or those carbonates of lime which dissolve 
in acids without residuum, are aIm,ost useless for the 
manufacture of building lime, when compared with 
those that are alloyed with a certain portion of clay. 
On the subject of Dorking lime, which has an alloy 
of this kind, be thus speaks : *' From the experiments 
now related, I was convinced that the most pure 
limestone was not the best for making mortar, espe- 
cially for building in water: and this brought to 
mind a maxim I have learnt &om workmen, that 
the best lime for the land was seldom the best for 
building purposes; of which the reason now ap- 

■ Cammort Chalk ia ueafl; pure. CXoii Marie is s verj different 
BuboUnce, although beloDging to the tame geolofrics] formation. 
L 2 
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peared, which was, that the most pure hme, affording 
the greatest quantity of lime salts, or irapregnation, 
would hest a^wer the purposes of agriculture : 
whereas, for some reason or the other, when a lime- 
stone is intimately mixed with a proportion of claif, 
which, by burning is converted into brick, it is 
made to act more strongly as a cement* This 
suggested to me the idea, that an admixture of clay 
in the composition of limestone, when treated as 
above specified, might be the most certdin index of 
the validity of a limestone, for aquatic buildings ; 
nor has any experience since contradicted it, as all 
the limestones in repute for water works, that I have 
met with, have afforded this mark. Even the 
Dorking lime, much esteemed for those uses in 
London, and in the country round about, is plainly 
nothing but a species of chalk, impregnated with 
clay, of which it makes full one-seventeenth part of 
its original weight." 

The ordinary class of calcareous minerals 
furnish the following descriptions of lime upon calci- 
nation : — 1. rick lime; 2. poor lime ; 3. slightly hy- 

* It must not be woDdered at that workmen generally prefer the 
more ptfre limes for building in the or, because, being unmixed with 
any uncalcareous matter, thej fall into the finest powder, and make the 
finest paste, which will of course receive the greatest quantity oitand, 
(generally the cheaper material) into its composidon, without losing its 
toughftss beyond a certain degree, and requires the least labour \o bring 
it to the desired consistence: hence, mortar made of aucb lime is the 
'leaat expensive; and in dry work the difference of hardness, compared 
with others, is less apparent." — Smeatoa's Norreiiive, ^c, of EMystorte 
' tighlhmue. FoL Edit. 1793, p. 108. 
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drauUc lime; 4. hydraulic \ime ; and, 
hydraulic Hme. The quality of these 
with the proportion of stlex, alumen, 
contained in the stone ; and the qi 
lime is further modified by the degree 
to which the specimens are subjected. 
Bent observations are confined to two 
kinds, namely, the hydraulic lime 
lime. 

The annexed series of British lim 
from the proportion of the alloy in theii 
eminently calculated to produce stro 
lime upon calcination. It will be obse] 
are chiefly of the lias species. 
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Mffect of Iron on Calcareous and Silidous Matter. 

Iron appears to be a very actiTf and energetic 
agent in the formation of natural cements. Its com- 
bination with some of the calcareous, and nearly all 
the silicious deposits, exhibits much diversity of cha- 
racter, and, in many instances, can only be separated 
by careful analysis, aided by considerable chemical 
■ experience. The lias deposit contains iron in con- 
siderable quantity, but the calcareous rocks above 
the lias (with the exception of the lower Bath 
oolite) contain little oxide or carbonate of iron.* 
In sub-agueous works, it is highly necessary to in- 
crease the hydraulic properties of the lime employed, 
by the admixture of certain substances whose con- 
stituents will operate energetically upon it. These 
substances, whether natural or artificial, are termed 
Puzzolanos* The expense attending the importa- 
tion of the natural volcanic Puzzolano from Italy, 
almost prohibits its employment in the engineering 
works of this country; but several efficient substitutes 

■ See " Phillips'! Treatise on Geology," vol. i. p. 202. 

t This mineral is fonnd in the greatest abundance at Puteoli, in 

Italy (now called Puxauoli). It is of the laiia genus, magnetic, and 
easily melts jier te into a black sl^. It suddenly hardens nhen mixed 
with one-third of its we^ht of lime and water, forming a cement more 
durable under water than any other. Bei^man found one hundred 
parts of it to contain fifty- five to sixty of silicious earth, twenty of argil- 
laceous, five or six of calcareous, uid from fifteen to twenty of iron : 
thia lastconstituentis considered to be the cause of its property of hard- 
ening under water. The iron decomposes the water of the mortal; and 
thus, in a very short time, a new compound is foTmeA.~ Stuart, Arch. Die. 
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have been discovered, in all of which iron forms a 
material constitaent ; the composition, mode of pre- 
paratioD, &c. of these artificial Puzzolanos, will be 
subsequently adverted to. The admixture of pul- 
verized forge scales, or iron dross, with calcareous 
matter, produces a very strong hydraulic mortar_ 
A composition of this kind was used at the works of 
the Eddystone Lighthouse, and appears to have 
originated with the Engineer (Mr. Smeaton) from 
ol^ervations incidentally made on the cementing 
property of iron when disseminated in a g^velly or 
siliciouB matrix. 

Having recently witnessed an extraordinary 
instance of the eifects of iron when in contact 
with silicious matter, we now direct the attention 
of the reader to tlie following particulars; The 
foundations of the piers of Westminster Bridge were 
originally laid in caissons in the following manner : — 
A massive raft of timber was constructed of a form 
and size suitable to the pier ; furnished with a bot- 
tom, ends, and sides, but the ends and sides were 
secured together in such manner that they might 
be readily detached from each other when neces- 
sary : a portion of the pier was erected in this 
sort of flat-bottomed barge ; and, when ready, 
water was admitted in order to sink it, the descent 
being regulated by guide ropes : the load of ma- 
sonry having been deposited on the bed of the 
river (previously levelled and prepared to receive 
it), the sides and eiids of the caisson were withdrawn 
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from the raft to be again used as occasion might 
require ; the piers were protected externally, aroimd 
the bases, by permanent piling, driven into the bed 
of the river, their lower extremities being pointed 
in the usual manner and shod with iron.* The 
defective nature of a foundation thus constructed 
became evident- previous to the completion of the 
structure ; since that period repairs have been fre- 
quent and extensive, and at the present time some 
considerable operations of this kind are being effected 
by Messrs. Cubitt. In the course of the works it 
became neccKary to withdraw some of the fender or 
sheeting piles, which had been driven into a gravelly 
substratum, and it was found that their lower extre- 
mities were coated with a concreted mass of coarse 
flinty gravelj of extreme density. Upon examining 
this concretion, we found that the greater portion of 
the iron with which the feet of the piles were pro- 
tected had oxidized and combined with the gravel. 
On fracture, the substance exhibited the same ap- 
pearance as iron-sand, or stone, when strongly im- 
pregnated with the metalic oxide : when treated 
with diluted muriatic acid it effervesced considerably, 
and evolved an odour similar to sulphuretted hydro- 
gen ; lastly, a pulverized portion of the concrete 
having been thrown into lime water, restored the 
solution (lime water) to a pure state. From the , 
foregoing examination, we deduce the following 
conclusions : — 

■ See Mechanics' Magazine, voL xiii. p. 322, 
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Ist. That iron, imbedded in a gravelly and 
silicious stratum, 'will oxidize and disseminate its 
decomposed particles in the surrounding matrix, 
forming a ferrugino-silicioua concrete of extreme 
density. 

2nd. That a concrete thus formed becomes an 
energetic artificial Puzzolano, indicated by it8 effer- 
vescing with acid and decomposing lime water. 

It is highly probable that the decay of the 
foundations at Westminster Bridge may have been, 
in some degree, retarded by the formation of this 
concrete around the base of the piers, and the 
pointed end of the piles. 



On the Use of Rich Lime. 

Those limestones which dissolve freely without 
discolouring the acid, and leave little or no precipi- 
tate after the effervescence is completed, are gene- 
rally capable of" furnishing rich lime. Calcined 
shells produce a lime of this description, and we ar^ 
informed by the author of llie " Parentalia," that 
the mortar used for the " under drawing and inside 
work " of " St. Paul's Cathedral " was composed of 
'* calcined shells," and produced excellent mortar. 
This statement induced the late Mr. Smeaton to 
investigate the quality of " shell lime ■" upon trial, 
he found it to set hard, and readily, without any 
admixture of sand, trass, or other matter. In short, 
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for water work, trass scarcely appeared to improve 
its natural quality. On beiog put into wat«r, after 
it was set, it did not dissolve, but did not acquire 
additional hardness ; on the contrary, by degrees it 
maceratedand dissolved, notintemally, but gradually 
fro m the surface inwards ; and hence he concluded 
it totally unfit for use. He was afterwards informed 
that a part of the work at Ramsgate Pier had been 
done with this kind of lime, but was subsequently 
taken up, on its dissolving quality in sea water being 
discovered.* A recent examination of the principal 
buildings erected by Sir C. Wren has satisfied the 
author that, although rich lime was extensively em- 
ployed in their construction, there yet remains suffi- 
cient evidence to show that the architect did occa- 
sionally introduce materials, in conjuction with the 
mortar, of somewhat remarkable character. 

During the recent repairs of the parish church 
of St. Vedast, Foster-lane, an opportunity was 
afibrded to institute a minute examination and ad- 
measurementf of the tower and spire, completed by 
»Sir C. Wren, in the year 1697. In the course of 
the examination, particular attention was directed 
to the state and quality of the mortar originally em- 
ployed in that building. The vertical joints of the 
masonry composing the sj^nre were considerably 

* Smeaton'g Natrative, &c, p. 106. 

+ For the kindness of the architect, Mr. S. Angell, in permitting 
the necessary survey to be made, the author begs to return his sincere 
acknowledgments. 
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opened (probably caused by the expansion of the 
metal cramps), and the mortar was found to be ii 
a weak and crumbling state, but the base of th 
obelisk terminating the spire, was discovered to b 
laid on a thick mor^r joint in which was imbeddei 
two courses oijtat oyster shells: these, together witJ 
the moitar, had remained uninjured for nearly on 
century and a half. 

We are not yet prepared to offer a satisfactor 
solution of this phenomenon ; the necessary exper: 
ments will require considerable attention and occup 
much time. For the present we refer the reade 
to the note* at the bottom of the page, in which i 



* " It is remarkable tbat oysters, and alietis which, like them, ai 
composed of distinct biaad lamella of alternating membrane and ca 
bonate of lime, bave resisted in almost all rocks, argillaceaus, calcareou 
arenaceous, the cbemical cbangea to which venerida, trigoni^, ar 
others of an appareutlj compact texture, have completely yieldei 
While the former ret^n their lamella and pearly eurfacea, the latti 
have often been wbollj dissolved in limeatone rocks, and their plac< 
left vacant ; while a cast of the inside of the ibell, and aa impressit 
of the outside, disclose completely the history of the change. A furthi 
process is frequently superadded, by which the cavity is again partial 
or wholly filled with cryBtab of carbonate of lime, which has been ij 
troduced by filtration throi^h the surrounding rock. In other case 
silicioua matter, pjrritea, and other substances, bave passed by a simili 
process. The common ibssil, called belemnites, of the same group i 
the cuttle, ia a remarkable instance of the force of the original stru 
ture in controlling the effects of chemical agencies; for in clay, sand 
chalk, flint, limestone, pyrites, this singular fossil generally retains i 
fibrous structure, colour, transtucency, and chemical properties ; whi 
in the same masses echini are changed to calcareous spar, and spong 
to flint, and many shells have totally vanished."— PAWi^w'jt GeoAiff. 
vol. i. pp. 78, 79. 
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contained some observations that may possibly supply 
data for a further investigation. 

The remarks made by Mr. Smeaton, on the 
quality of rich lime, have been confirmed by the 
more recent experiments of M, Vicat; and it is now 
decided that rick lime is incapable of furnishing a 
good mortar, and that the admixture of quartzose, 
silicious sands, or other iTiert substances so beneficial 
to hydraulic limes, is positively injurious to rich 
lime.* 

' Captain Smith states, that the quBlity of rich Umt is much iin< 
proved by adding a, amall quantity of toane tagar to the water with 
nhich it is to be worked up. — (See his TrMislation of Vicat, note, 
pp. 84, 8S.) 
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CHAPTER VI. 



OH THE PROPORTION AND ADMIXTURE OF THE INGRE. 
DIENTS EMPLOYED IN THE COMPOSITION OF ORDI. 
NARY MORTAR, QUALITY OF SANDS, SANDSTONES, &c. 

Among the recent investigations which have 
materially assisted in promoting a more perfect 
theory of the consolidation of mortars, those of 
Professor Fuchs are entitled to hold a prominent 
place. The various compounds of lime and siuid, 
constituting the materials of common mortar, and 
the admixture of unslacked lime, vrith broken 
stones, ballast, or gravel, forming the beisis of the 
strongest concrete, severally possess certain proper- 
ties, and exhibit distinct phenomena, referrible to a 
most important chemical and mechanical combi- 
nation. 

In the course of his investigations. Professor 
Fuchs noted certain facts, from which he concluded 
that the induration of various kinds of mortar de- 
pended upon tile formation of silicates of lime, 
and sometimes also alumina of silicates. He dis- 
covered that these silicates retain the water and 
acquire the hardne^ of masses of stone, while the 
hydrate of lime in excess is gradually united with 
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carbonic acid, so that the indurated mortar may be 
considered as a compound of carbonate of lime and 
zeohte. 

Opal, pumice-stone, obsidian, and pitch-atone, 
simply pulverized, fomi agood cement with hydrateof 
lime,while quartz and sand only produce an hydrated 
silicate upon the surface of each grain. Although 
the mass is thus connected, it does not readily 
become solid. If the quartz has been reduced to a 
fine powder, the more solid will the mass become. 
Now, if one-fourth part of lime be mixed with the 
quartz, and the whole he well calcined, so that the 
mass becomes a frith, and the whole be afterwards 
pulverized and mixed with one-fifth part of Ume, an 
hydraulic mortar or cement is obtained, which 
attains a sufficient hardness to admit of being 
polished. Felspar with lime hardens slowly, and 
only at the end of five months ; but if calcined with 
a small quantity of lime it becomes much better. 
Water abstracts from this mortar six per cent, of 
potash. Common potter's clay, which is worth 
absolutely little or nothing when uncalcined, pro- 
duces, when calcined with lime, a cement which 
hardens perfectly well, provided it contains only a 
small portion of iron. 

Professor Fuchs also found that steatite,* which 
had been heated to . a bright red heat, would not 
combine with lime, and, concluding that magnesia 
possessed a very strong affinity for silicious acid, he 

• Soap stone, a gub-specieB of rhomboidal mica. — Ure. 
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tried the employment of calcined dolomite (magne- 
sian limestone) for the cement instead of common 
lime, and found that it greatly surpassed the latter, 
both for the preparation of common mortar and for 
that of hydraulic mortar. He also obtained good 
mortar of the tatter kind with calcined marl.* 

The greater number of specifications prepared 
by surveyors for the erection of buildings, direct 
that the mortar shall be composed of stone-lime and 
sharp river-sand, to be mixed in the proportions of 
one part of lime to three parts of sand. These 
proportions will make exceUent mortar if properly 
compounded ; but, as the quality of the lime varies 
considerably, so will it take more or less sand. 

Builders employ two methods of compounding 
their mortar : — First, when it is required to convey 
it in a dry state to the work, it is done by forming 
a bed of lime, surrounding it with sand, and then 
throwing on the lime a sufficient quantity of water 
to slack it, . and covering it up immediately with 
sand ; after it has remained some time in this state, 
it is turned over, and, if necessary, screened. The 
mixture is now in the state of a dry powder, and 
can be carted to the work, where more water is 
added and it is chafed up for use. The other 
method is employed when there is convenience for 
making it up at the work. In this case it is what.is 
termed " larn/ed. " Thus : — the lime is put into 
the middle of a bed of sand, and a large quantity 

• See Repertorj, 1837. 
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of water thrown on, and with lime-hoes mixed up 
immndiately until completely incorporated. It is 
then allowed to remain for a few hours, when it 
becomes set, and of proper consistency for use. 
The lime when turned up in this way will admit of 
a larger quantity of sand, m all the particles of lime 
are dissolved, whereas by the first method there are 
always small particles of the lime which cannot he 
properly mixed, however much it may be chafed 
up. From observations recently made, it was found 
that seventy-two busliels of stone-lime required 
eighteen yards of sand, making good " larryed mor- 
tar," the cubic contents of which =315 feet. 

Chalk-lime mortar requires two parts of lime to 
three of sand, and is now chiefly used for plasterers' 
work. 

The theoretical investigations connected with 
the composition of mortars have for a considerable 
period occupied the attention of the most celebrated 
French chemists. In researches of this nature they 
are considerably in advance of ■us ; but the repu- 
tation of the English builders for practical expe- 
rience in the manipulation of mortars is, on the 
other hand, well known and appreciated by all 
those whose attention has been directed to these 
important investigations. The professional practice 
of English architects, relating to the composition of 
mortars employed in public or other works, is best 
exemplified by extracts from their original specifi- 
cations. We subjoin a few, which will show the 
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relative degree of importance attached by d 
architects and engineers to this division o 
instructions, and the proportions of materiah 
of manipulation, &c., adopted by each. 



Ordnance Works.*, 

Not less than thirty-nine bushels of lir 
every rod of brick-work. The lime to be i 
under cover, and the mortar made on a st 
brick floor, and properly worked until all th 
are thoroughly incorporated. 



Farm-house and Farmery. Erected at Grt 
1832. 

Good fresh gray lime and river sand p 
screened, and in the proportion of one of 
three of sand, well tempered together. 



Stockport Church, Cheshire. 

Buxton lime (Cheshire) imxed with twt 
of sand. 

* Thirty-nine bosheli of lime equal onB hundred and 
lime, and would require Beventj-fire bushela of sand to mei 
mortar for « road. In the printed contract no distinction ii 
to chalk or itone lime. 
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Bankrupts' Courts, BasinghaU Street, London. 

The mortar to consist of one-fourth of good 
Dorking lime, and the remainhig three-fourths of 
clean sharp river sand. 



Turkey Street Bridge, Enfield, 1827. 

The brick -work to be laid in Dorking stone, or 
blue lias lime mortar, and clean sharp Thames 
sand, in the proportions of three parts of sand to 
two of lime; to be made in a pug-mill and used 
hot. The grout to be in the same proportions. 

Exeter Higher Market, Devon, 1836. 

Mortar for the brick-work is to be made 
with well-burnt stone lime (Plymouth) and good 
clean sharp grit sand, in proportions of one and a 
quarter to three. The lime is to be thoroughly 
slacked with an abundant quantity of water as 
soon as it is brought on the premises, and imme- 
diately after, well protected from the action of the 
atmosphere by a thick covering of the ingredient 
with which it is to be mixed; in this state it is to lie 
until quite cool, and then mixed together in the above 
proportions. This mixture is afterwards to be sifted 
through a wire sieve, and made up with such a quan- 
tity of water only as will render the compound of the 
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consisteDcy of damp sand. It is to be well 
in a pug-mill, and to be laid in heaps froi 
three weeks, being protected during this p 
as effectually to prevent it becoming dry o; 
Ultimately it is to be worked up for ui 
mortar for the free-stone is to be made u] 
lime putty, and bright coloured fine sha 
washed clean, and well tempered together. 



Silk Mill and Engine Home for Messrs 
Baylis, Sf Co., at Great Yarmouth, 18 

The mortar for the. mill, engine, ai 
house to be composed of the best Dorking 1 
sharp sand, in the- proportion of three parts 
to one part of lime. The mortar for the 
(one hundred feet in height) to be the same 
described, but for the other parts, to consist 
third part of the best chalk lime (Yarmou- 
fresh from the kiln, and two-thirds of cleo 
sand, welt worked together. 



House in OrtmCs Buildings, Soutkwark Brid 
in the Liberty of the Clink, Xtondon. 

Mortar to be composed of Merstham sti 
and sharp drifts and froi)) above London Bi 
the proportion of one heaped bushel of lim 
striked bushels of sand, well tempered. 
M 2 
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Works at the Berkeley and Gloucester Caiial. 

The mortar must be made of clean sharp sand 
and Aberthaw lime (Wales), in the following propor- 
tions; that is to say, for works under water, and ex- 
posed to the river Severn in front, two measures of 
sand to one of lime ; for backing all work under water, 
and exposed to water, three measures of good sartd to 
one of lime; and for all other backing, your measures 
of sand to one of lime. 

The mortar required for the locks and the outer 
gates of the basin to be intimately mixed in a pug- 
mill. The limestone is to b6 brought ta the ground 
and burned upon the site of the works, the contrac- 
tor having the use of any kilns now thereon ; but he 
is to erect others if necessary.* 



Greenwich Railway. 

The mortar to be composed of the best Hjilling 
lime and sharp river sand from aboye Lond#n Bridge, 
in the proportions^ of one of lime to trvo and a half of 



London and Birmingham Railway. 

Mortar for all the works near the London sta- 
tion to be composed of tljp best burnt Dorking or 

■ Blunt'a Civil Engineer.— Division A. 
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other lime of equal quality and cleai 
sand, in the proportion of three of sa 
lime; the compost is to be mixed in a ( 
passed through a pug-mill with a pn 
of water. 

Watford Tunnel. 

The mortar to be used in the tui 
made with the best fresh burnt Merst] 
king lime, or other lime which the I 
deem equally good. It shall be groun' 
stones in its dry or unslacked state. T 
be sSarp and clean, and mixed with th 
proportion of three measures of sand to 



Blisworth Division. 

The mortar to be used in the beds 
buttresses, walls, sides,-or drains, and ii 
consist of one part of lime to three p< 
river or other utiexceptionable sand. Tl 
passed through a quarter-inch screen; 
be fresh and well intermixed by a thoro 
The mortar for running into the upri 
the courses, and for filling in the wo 
consist of one part lime to four parts 
screened gravel, to be well mixed and 
tough consistency, and liquefied iil t 
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yessels, to be properly adapted to run into and fill 
up all vacuities. 

The mortar to be used as hot as is consistent 
■with the safety of the work, and the sand and gravel 
to be perfectly free from any loamy or other 
particles of a muddy nature. 

The limestone rock, found in the excavation, 
may be used for the mortar specified to be used 
in the retaining walls of this contract. 

The foregoing exftacts from the original speci- 
fications, respecting the composition of mortar, 
exhibit a tolerable agreement with each other ; and, 
■with the exception that the preliminary directions of 
some are more copious and explanatory than otkers, 
may be considered as afibrding a concise and satisfac- 
tory view of the modern practice adopted by some of 
the most' eminent builders and architects, grounded 
upon careful observation^ and great practical expe- 
rience. The quality of the sand required for the 
composition of mortar should undergo careful exa- 
mination, as it operates witji considerable influ- 
ence on the quality of the mortar. 

In districts where sand of the requisite energy 
and sharpness is unattainable, road-drift has been 
employed, and, in some instances, recommended 
in the specification of works. .Where the re- 
pair of roads has been effected with a mixture 
of good flint and quartz gravel, and the drift 
thoroughly screened to separate the muddy and 
other extraneous particles, such sand may afibrd 
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a tolerable substitute. But in cases where broken 
granite has Tjeen employed for road-maki 
drift arising therefrom should in no wise 
ployed for the compounding of mortar- 

Granite consists of distinct Iggregat 
qimrtz, felspar, mica, and hornblende, eac 
crystalline form. Felspar is of a whitish, 
times of a reddish, colour, quite opaque, an 
sionally crystallized in a rhomboidal forra ; 
is less abundant^ somewhat transparent, an 
glassy appearance ; mica is dispersed throug 
small glistening plates, the colour is dark e 
appearance metallic;* hornblende (a sim[ 
neral) is sometimes present, and is the samei 
which imparts the deep green colour to the P 
TOc\iB, greenstone and basalt. The roorf-sand, 
from' the pulverization of granite, is, generally 
ing, a very unfit ingredient, and ought noi 
employed in the fabrication of mortars. Th 
ration of the micaceous particles forms a duf 
coherence, and the harder particles become r 
by attrition, thereby destroying a fomi so ei 
to a proper adjustment when mixed with lim 
sharpness and angularity. 

There is also a description of granite 
used in the neighbourhood of London, for 
ing 'the roads, which forms a road-sand o 
inferior quality. This granite is of a veri 
colour, almost black ; it essentially consists o 

■ Jamieaon, " Mechanics of Fluids," note G, page 45 
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and white felspar, the former in great abundance. 
When pulverized, it becomes a gray powder, te- 
nacious and clay-like while wet, bat drying to a 
fine micaceous dust, containing a portion of iron. 

In the n^^hbourhood of Great Malvern, the 
roads are repaired with the sienitic granite of the 
locality. The sand, produced from the decompo- 
sition of a portion of the rock, is red,* opaque, and 
angular, in lai^e grains. When washed it yields a 
small portion of reddish-coloured residuum, which 
contains iron. Acid has no effect upon the stone. 

The sand mostly used in London and its 
vicinitjf for the manufacture of good mortar, is pro- 
cured from the bed of the river Thames, above the 
bridges. This sand has acquired a standard reputa- 
tion among the principal architects and builders of 
London, and we shall presently show that its good 
qualities ,, have not been over estimated by the 
profession. The river Thames passes through a 
country where the contiguous stratum is calcareo- 
silicious and argillaceous. The immense number 
of weirs, culverts, road-drains, &c., which are dis- 
charged into the river, deposit an immense mass of 
heterogeneous matter, consisting of calcareous, _/os«/, 
guartzose,\ and fiint-sands, particles of coal al- 
luvium, and much iron.'\. Sea-sand, flints, and 
marine debris are also washed backwards and^or- 

* A verj considerable por^oD of the rock is composed of red felspar. 
\ From tile pulverized particles of road gravel, which contains 
much quartz. 

{ Iron mixed with the road-sand. In Mr. Babbage's interesting 
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wards with the flux and reflux of the tide, d 
tributing a sand of coarser quality than 
deposited by the inland tributaries. The Tha 
sand, therefore, requires to be well screened 
washed, previous to its admixture with the limi 
which state it will be found to consist of two k 
of materials — th^ first a fine shingle, mixed ■ 
calcareous particle, and the second a fine ang 
silicioits and guartzose sand. The accidental 
curastancea which occasion the deposit of a fine 
coarse sand in the bed of the river Thames 
the chief causes of its superiority aa an ingred 
in the composition of mortar, for the intersl 
between the larger and more quartzose particles 
come partly occupied by the angular £lK sharp f 
ments of the finer sand, which firmly unite ' 
the cement, wedging and dovetEuIing them toget 

It is almost unnecessary to observe, that too. 
sea-sand will produce precisely the same effects. 

Thames ballast (used for concrete) is an 
mixture of sand and small stones, charged with 
impurities raenfloned above ; it is procured f 
below Blackfriars Bridge. A sample of this i 
ture, tested with acid, effervesces considerably, 
deposits much clay containing iron. A wae 
fossil or pit-sand, of very fine quality (gray cole 

work on the "Economy of Machinery," it is staled, that "every i 
which traTeb from London to Birmingham distributea about e 
poundaofwrotightironalongthelineofroadbetween those two ph 
The result of this calculation waa derived from ohaervationB ma 
Mr. Macneill, the Bupetintendent (under the late Mr. Telford) c 
Holyhead roads- 
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jrers, also effervesces with acid. Silver 
; stuff, is procured from the Isle of 
s sand is angular, transparent, and 
;id has no effect upon it, and it is per- 
m impurities. 

il and land-sands of Bagshot Heath, 
id Hampstead (when washed and 
the impurities which they contain), 
1 for internal work, such as plas- 
These sands are exceedingly nume- 
i^ersified; the quantity of extraneous 
ined in some samples is shown by 

'^kree Samples of Bagshot Sand.* 

No. I. 

liciouB Sand 63 

umine 2 

tide of iron 7 

me 

igeUble Matter g 



!- — {Partaking of a Clay oppearatKe.y 
lex and Silicioua Sand ... 95 

lumine 6 

(ide of Iron 5 

!gelRble Matter 3 

100 

imens in the " Polytechnic Institution," iUgenl Streel. 
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No. 3. 

Silicious Sand 90 

AluniiDe 1 , 

Oxide of Iron 4 

Vegetable Matter 3 

100 

A section afforded by the excavationa made 
during the progress of the works at the North 
London Cemetery^ Highgate, induced us to examine 
some other specimens of these sands in detail. Im- 
mediately under the alluvium is a coarse, gravelly, 
or craggy bed, . in which is contained a broken 
stratum of indurated sand, highly impregnated with 
metallic oxide. The stratum next in succession con- 
sists of a series of red sandy beds, much intermixed 
witn leam, followed by a thick stratum of very 
fine light-coloured sand, nearly free irom impu- 
rities. A cursory analysis of these sands enables us 
to give the following particulars concerning their 
quality, &c. ' 

The ferruginous mass of sand or sand-mst (as 
it is provincially termed), is stratified and h^hly 
indurated ; upon examination with a strong lens, 
the particles appear to consist of crystallized quartz, 
which in themselves are chiefly faransparent and 
colourle^, but are muph stained by contact with the 
femigino-silicious cement which connects the mass. 
The external appearance of the sand is highly 
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metallic, and of a dark brown colour ; when pul- 
verized and washed, it leaves scarcely any deposit, 
and is not affected by the action of acid. After 
maceration in dilute sulphuric acid, and the liquor 
being filtered, the iron is separated from the sand 
in the form of a dense blue precipitate, by adding' 
prusaiate of potass ; or, a cloudy precipitate (iron) of 
a reddish brown colour, in considerable quantity, 
may be obtained, by adding a solution of pure am- 
monia to the impregnated acid. The red sand from 
the loamy beds, when washed and separated from 
the clay, consists of very fine seed-like transparent 
grains, of a reddish brown colour. The clay, or 
loam, is of a bright yellow colour, and very tena- 
cious ; it contains less iron than the previous speci- 
men. The last specimen ia a light-coloured glassy 
sand, nearly pure, and consists of finely commi- 
nuted angular fragments of silicious matter ; it does 
not appear to contain iron, but is nevertheless ad- 
mirably adapted for the manufacture of mortar. 

A specimen of concreted sand procured from 
Sandy, in Bedfordshire, when microscopically exa- 
mined, exhibited appearances anal(^ous to the spe- 
cimen of iron-sand before described. Considerable 
difficulty was experienced in cleansing this and the 
former specimen, from the metalliferous cement 
which connected the quartzose particles together. 
Frequent washing had no other effect than that of 
detaching the more earthy particles from the mass ; 
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but, upon maceratiug the sand in dilute sulphuric 
acid * for four or five days, the iron became sepa- 
rated, and the sand, after being washed, was left in 
nearly a pure state. The sand consists of large 
quartzose particles, colourless, transparent, and of 
very irregular fig-ure, but much worn and rounded 
by attrition. The test of ammonia applied to the 
filtered acid, gave« more dense and copious deposit 
than any other specimen submitted to examination. 
The geological deposit to which this description of 
sand belongs,t contains a sandstone of great hard- 
ness and durability. It is much used in Kent, 
Sussex, and some parts of Norfolk, as a paving and 
building stone. The groin work of Battle Abbey, 
in Sussex, is mentioned by Mr. Conybeare, ' as 
being constructed with a free-stone belonging to this 
series. 

The sands derived immediately from the dis- 
ag^egation of sandstone rocks^ next demand our 
attention. 

The following series of sandstones are princi- 
pally ^^regations of quartzose particles, cemented 
t(^ther with a portion of clay ; the clay consist- 
ing of silex, alumina, and iron, in combination 

■ A more detailed account of the action of acida on clays, aandi, 
Sec, will be pven in another part of tbia work. It will be perceived 
that OUT present observations chiefly apply to tbe quality of a few 
varieties of the quartztys Bands and sandstones. , 

X The nature and quality at sandttmut, and the uses to which they 
may be applied in engineering operations, will form the subject of a 
distinct chapter. 



b, Google 



Eince, only, "was effervescence perceived, 
;)ecimen of stone. No. 1, from the Forest 

ones were examined in the following 

men of each was pulverized, and a por- 
ind was carefully washed, in order to se- 
uminous powder, &c* Dilute sulphuric 
V added, and the sand was again washed 
d with a good microscope, to detect its 
J clay, being subjected to the action of the 
f to separate the iron, was left to mace- 
e time ; the acid from the clay was then 
ugh white filtering paper, digested, and 

with a solution of pure ammonia, which 
;he iron, &c. The clays were then dried 

for further examination. 



Pall Sandstone, No. 1 — (Yorkshire). 

rn-coloured sandstone of coarse grain. 

diflfidilt to work to a good face, but is 
a good weather stone. , It is now much 
ations where granite was formerly em- 
[ is in some respects superior to it, 
e hereafter explained. This stone pul- 

coarse brown sand. *When 'separated 

9 to columns and plinths, springing stones to arches, 
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from the Cray, kc. by washing, it exhibiti 
composed of lai^e rounded grains of quartz 
of the grains are colourless and transpare 
are tinged with brown, and others are w 
opaque. Acid has no effect upon the sand ] 
stone. b((t the clay (remarkably small in < 
and of a fine buff colour) yields a portion 
when tested as above described. 



Bramley Fall, No. 2. 

A lightKJoloured specimen, finer grain 
above. The sand, when washed, appeared 
transparent, and colourless. Clay, buff-colo 
in quantity, and yielded a slight trace of iro 
produces no effect upon the stone. 



Holton Sandsione — :( Yorkshire). 

A light brown sandstone of fine grair 
tification widely separated. The sand, wh 
rated from the clay by washing, appeara 
form of fine, round, seed-like transpareni 
of a light brown colour, interspersed with n 
particles. Acid has no effect upon this si 
the clay (light drab colour) yields iron in 
quantity. 
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Kirhy Sandstone — (Yorkshire). 

A drab-coloured sandstone of coarse grain. 
Stratification widely separated. When pulverized, 
the sand is of a light hrown colour. W«shed and 
separated from the clay, the partttles of sand are 
found to consist of ai^lar quartzose grains, trans- 
parent and opaque, intermixed with scales of mica. 
The colour of the clay is light brown, and yields iron. 
Acid has no effect upon the stone. 

Leeds Flagging — (Yorkshire). 

XJght drab-coloured sandstone of fine grain, 
closely stratified, but splits readily at the matrices 
or divisions, which are Very smcwth, and coated 
with mica. When pulverized, gives a fine light 
brown sand. Washed and separate3 from the clay, 
the particles of sand exhibit the appearance of very 
fine quartz-like grains, having a brown tinge, and 
particles of mica intermixed with the sand, colour of 
clay, dark yellow. The test (ammonia) gave little or 
no indication of iron. Acid has no effect upon the 
stone. 

Mexborovgh Sandstone — (Yorkshire.) 

A drab-coloured sandstone of coarse grain. 
Stratification widely separated. When pulverized. 
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gives a fine light brown sand. Washed and se- 
parated from the clay, the grains appear like small 
fragments of gum, some of which are transparent. 
Colour of clay, yellow, and contains iron. Acid has 
no- effect upon the stone. 



Green Moorstone (light coloured) — (Yorkshire). 

A dark drab-coloured stone, of very compact 
texture. Stratification indistinct. Exhales an earthy 
odour when breathed upon, and sulphurous smell 
freely rubbed with an iron point. When pul- 
verized, gives a fine light drab-coloured sand, which 
forms a stiff tenacious paste, when mixed with a 
small quantity of water. The sand, when washed 
and separated from the clay, exhibits minute seed- 
like transparent grains, of a brown colour. When 
the acid from the clay is tested with a solution 
of ammonia, much iron is precipitated. The clay 
is of a drab colour. Acid has no effect upon the 
stone. 



Moorstone (light coloured), iVb. 2 — (Yorkshire). 

A very compact stone, fine grain, gray colour, 
and indistinct stratification. When pulverized, gives 
a fine light gray sand. The grains of sand, when 
washed and separated from the clay, are of a dull 
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white colour, transparent, minute, and rounded. 
Colour of the clay, dark drab ; contains much iron. 
Acid has no effect upon the stone. 

Idle Flagging — (Yorkshire). 

A dark cream-coloured sandstone, closely 
stratified, and possessing a fine- grain. When pul- 
verized, gives a very light brown sand, or powder. 
Washed and separated from the clay, the grains 
appear in small, sharp, transparent, sihcious par- 
ticles, slightly tinged with brown. Colour of the 
clay, light brown, contains iron, which is preci- 
pitated slowly. Acid has no effect upon the stone. 

Penskurst Sandstone — (Kent). 

A tender sandstone, fine grain, deeply tinged 
ivith iron oxide throughout its substance. When 
vvashed and separated from the clay, the sand 
appears in fipe, seed-like, red grains. Acid has no 
action on the stone. The colour of the clay is 
a dark brown, approaching to red, and contains 
much iron. 



Sheffield Stone — (Yorkshire). 

A light gray sandstone, fine grain, and com- 
pact texture. When pulverized, gives a light gray 



by Google 



sand. Washed and separated from the clay, 
grains of sand appear rounded, seed-like, i 
nearly colourless. Colour of clay nearly whi 
contains much silex and little iron. Acid has 
effect upon the stone. 

Sandstone, from the Forest of Dean. — No. 1. 

A remarkably hard light gray stone, -wit! 
slight tinge of red. The grain is coarse, but 
stone is capable of being worked to a smooth fi 
When pulverized, it gives a coarse pink-colou 
sand. Washed and separated from the clay, 
sand appears slightly granitic, of various coioi 
viz., red, brown, opaque, colourless, and transpari 
The colour of the clay is a dull red, and contt 
much iron. This stone effervesces slowly in acit 

Sandstone, from the Forest of Dean. — No. 2. 

A very hard light gray-coloured sandsb 
finer grain than the above, and works to a g 
face. When pulverized, gives a light drab-coloi 
sand. Washed and separated from the clay, 
sand appears in small quartzose grains, coloui 
and transparent. Colour of the clay, drab, x 
has no effect upon the stone. 

* Lightet oplouc than Kirbf-stone. 
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Each of the above specimens of sandstone 
is described as containing clay;* this ingredient, 
however, varies considerably in quality. In some 
of the specimens, the aluitmui is so small in quan- 
tity as to be with difficulty separated from the 
mass. 

The relative value of the various sands, as 
ingredients in the composition of mortars, stands 
next in order for our attention. 



* We had loine doubt of the propriety of aaming these deposit! 
irom the aand of BandBtones " days," as it was found that when per- 
fectly dry, most of them might be readily pulverized. Upon microscopic 
esaminatiun, they also exhibited very fine silicious particles; hutupoD 
diacovering that they could be iuatontlyformed into an unctuous pasts, 
when remixed with water, we have on that account ventured to ret un 
the term. 



END OF THE FIRST PART. 



DiDHT, Tooks CouTl, Cbanceiy Lane. 
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Preparing for Pubticatim, 

A SCIENTIFIC and DESCRIPTIVE ACCOUNT of the TOWER 
ODd SPIRE attociied to the Psriaii Church of 

ST. VEDAST, FOSTEE LANE, 

IN THE CITY OF LONDON. 

SIR C. WREN, Ahch. 1697. 



PLANS, ELEVATIONS, SECTIONS, 
AND DETAILS 



Anno 1837-8. 

To which is appended, An Accoant of the ECCLESIASTICAL 
BUILDINGS, Erected and BepMred by SIR C. WREN, after the 
great Fire m 1666, nith thuc Dimenuoni, Feiiod of Erection, Style of 
Arcfaitectiire, and the Coet of eadi Edifice. 

The Khole compiled from Authenlio Sources, Baeisted bj personal SorTe;, 

by 

CHRISTOPHER DAVY, Arch. & G.E. 



Safadriten' Noma rtetivtd at tkt LIBRARY OF ARTS, 106, GREAT 
RUSSELL STREET, BLOOMSBURY. vhtn At original DToaingi 
may if Mm. 
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MR C. DAVY'S PLAN 



fOK THS lUPBovBwsnr or 

THE HOLBORN COMMUNICATION. 



Speculaton and the Public in genenl, ace refpectiuU; invited to 
esunine the merits of the FLAN proposed by Mr. DAVY, for avoiding 
the iteep and daagerou* acdivitj of HOLBORN HILL ; thia plan 
hai already received the cordial approbation of many Scientific Gen^ 
tlemen, tpgethat with the &Tourable opinion of the Public PreM. 

Cupim ef thaPlan, wM afvii dgwr^ptMnm Om ShMI, may b> ettoifud 
*/ Mr. WlhLlAXS, ilBBaSr OF ARTS, 106, GREAT RUSSELL 
STREET. BLOOUSBVEY; 



Where, alio, iMf be bad, SUGGESTIONS relati:Te to the RE- 
BUILDING of the 

• ROYAL EXCHANGE, 

By CHRISTOPHER DAVY. Arch. & C.E. 
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Publishing Catalogue for 1839. 

LIBRARY OF ARTS, 106, GREAT RUSSELL STREET. 



NEW AND ORIGINAL WORKS 

ARCHITECTURE, CIVIL AND MILITARY 
ENGINEERING, MECHANICS, 



TBB FZNXS ARTS, 

Recommended as likely to suit the taste of the enlightened CONNOIS- 
SEUR, deserving the admiration of the EDUCATED PROFESSOR, 
and applicable to the wants of the PRACTICAL MECHANIC. 

Hr. WILLIAMS hu the honoai to imnaunce U> the enli^teaed Nobility of Great Bri- 
tain, the Frofeaaors of Architeetuie, OScen at the Royal Civil Engineera, tmd FiiKCical 
Hod of all Countries, that amocE the man; valuable Publicalioni nhich will be iaaued 
from the Library or Arts a< Uie commencement of the New Ye»r, the Practioai. 
Treatise on Bridqes, with the Life and Worki of BenNIe. daimi especial attentioii 
HH the only complete Work on the subject', such ia the favour xhich thia Work hai 
received, that neatly 600 Kcmlemea have recorded their Names as Subscrihera, ■ aieriing 
proof of the neceaaity and utility of such s Work, and of the high eitlm&lion in which 
the talented Editors and Contribntora ue deaervedl; held. 



a Britaht, ai 

& PIL&CTZCAK theatxse oir brzsos 
BUXZsDinO, 

WITH THE PROFESSIONAL LIFE AND WORKS OF RENNIE, 

!dited bt JOHN HIJEIL, Bra., C.E.,P.R.»., &c. &c, & EDWABD CRE8Y, Eso., 
ASCH., C.E., F.8.A., &c. &c 



Reduced from his actual Working Dravings, with full DetaJiB of their 
Construction, Measurement, Specification, Estimates of Cost, and 
other useful information to the Practical Professor, of every de- 
Bcription of Bridge Works, of Iron, Stone, and Wood, erected by 
the most eminent Engineers and Architects. 
The object of the above Work is to condense all the valuable infonna- 
dtm on the HiBtory, Theory, and Practice of BRIDGE BUILDING, con- 
tained in Perronbt, Gaiithey,Biiuyerb,Sehple,Wabe, Telford, &c.&c., 
and to illustrate the subject by full and accurate tepresentadiats of those 
Bridges, erected by the most eminent Architects and Engineers in this and 
other Cotmtries. 

The History, so fully contwned in the- Works of Gadthbt, &c. will 
be carefully condensed ; and the Theoiy of the Science, as treated by But- 
ton, Gregory, Ware, and others, will be exemplified by Sections of some 
Cathedrals, drawn and measured expressly for this purpose ; as weU as to 
show the principles adopted by the most eminent ARCHITECTS employed 
on the buildinga of the Middle Ages— the which, tune has acknowle^d to 
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bo aiaiiMj adapted for their paiposc, and also in themselves to fiinn a 
theory ((« anj liitiiTe conibnictiou. 

The Practical part of the Esaaj will describe the Strength, Properties, 
and Yalne of the different Materials employed— the various Machines palled 
into action by the different Architects and En^neers in their several con- 
atmctions — the method of forming Coffer-danu, Centering, ^c— together 
with descriptions of the whole Art, as contained in the Practice of BRIDUE 
BUILDING, as adopted by Bennie, and other eminent men. 

Gienerally the Work will comprise Accounts of Stone, Iron, and 
Wooden Brit^s ; and great care will be taken to make it worthy of its 
anbject, and to become a desideratom in the Library of the Patron of Art, 
the Architect, and the Engineer. 

It Mam long been m matter of nar^rvt to f^eignen and our oiea Sdait^amnfry- 

— (, tMat imiie Ute vabtedproAKtmni qf Te^Md,and other eminent men, have been 

miothe world bt a ttwe worOty (/ thfir mentt, the ntAU workt of Henuie have 



Metkadjuilicedoaelo laeat in imp ptdAMtion, though bu the concurrent teitimoRy 
cf the SatniXe wcrld, Mt mmt mutt deicend to the UUett 
Enginetr rf lot age. 

WIIIL 



r. WllUiiM itttot 



Tb* okria «ni 



•oliiiH, Of nailj IM ED|n>lnti, prinwd oa 

duKFT bnt Btatw, tor £t tt.<kl.,Vriabutlii 

-'vtrUmi U SSaeratn, bo! llM Ereil inctuK 

pl.lei and miU(t, wlQ chdikI Uk pnbliilor 

rn-Lkt H £1 h. u> ■Hm-nbKilInn, wliich will 

<9 iImi, WDiUtrliig ibc «i|<ii^lily *nd v*il«l 

fnvUp, and lk( Mylc of (Ik (tiling up, be 



en, w BuTHcn u iMt Wort, lb«|li Iw 
rit DO BsiliKcriiii Work «( iHdera llnei 

rUnL Tke wuilii of Uh Bdlun uit Ciwiii- 
kwon, kMk la Avtty ■■! pnctin, an ksowi 
tu cnrr pcqfculoul imh Ik lii Mrntiam. 

TW Adswl^ UH of HlHt will CHTiKC tk* 

kannljKd« 
lean, Hipfir, 

LBKBDV IC&BTRB I HI>PB 

QLADWIN CI.EQHORN TtTRNBULL 

LOWRY IkSLSjILL ] BBI.LlN,fti:. 

Many eminent Architects and Engineers have consented to contribute 
Nther Drawings or Letter Press. 



_ — _ a the 

... I Lines of Railway thronghoat Great Britain, the Continent, atid 

Ameriea. A larse edition of Rulwa; Practice has been exhausted in less 
than nine months. It has been , translated into Foreign Languages — has 
become the Teit Book of the Professor — s somce of delight to the Share- 
holders in these great works, and a mine of the most usefuTexaniples for the 
Student, and received the praise of alnost every scientijic Joumdtst in 
Europe. This SECOND EDITION is enriched with a fine Copper-pkte Out- 
line Engraving of a Locomotive Engine, manufactured by the Messrs. Haw- 
thorne M Newcastle, for the Paris andVersaillesRailway, acknowledged by the 
British AssociatioD, at their last meeting at Newcastie, to be the most perfect 
Engine yet constructed. 
Xb 1 twaaaome *ta. VoImDa, witb 80 or BO larae Mdinc nataai 

ji fete Copiet very em'tfvUy coloured ca the origtmu DraaiiTifft. 
Containing more Pracdcal Details than are usually found in double 
the number of engravings ; embellished vAth a brilliant frontitpiece 
by Andrew Pickeh, from an original Drawing by the Editor. 

BY S. C. BEEES, C.E., &c. 
A CoSeetion of Working Flans and Practical Detuls of Construction in the 
Public Worta of the most oelebraled Enpneers, comprising Tunnels and 
Tunnel Fronts — Turnpike Road Bridget — Occupation Bridges in Embank- 
ments sod in Cuttings — Ornamental Bridges, with various Designs for Iron 
Bails and Framing— Viaducts of several descriptions — Retdnmg Walls — 
Culverts — Sidings—Cuttings and Embankments — Permanent Ways— Chairs, 
Blocks, &c.— Cutting! in Rock and Undersetting — Aqueducts— Turn- Tables — 
Cranes, and Railway DepSts, with Sheds, &c. on the several Railways, Canals, 
&e. throughout the Kingdom. 

Digitized by Google 



A Berisa of original Deu^i far every description of Railway Works, in 
Tarioiu itjles of Architecture, complete tbe Tolutne. . 

The arraDgemeut it clear, and Myle familiar ; the illtutratloni are upon a 
lai^e scale, and in express imitadon of the original Draninn made for the 
purpose ; the subjects are represented under every variety of local circnm- 
Btance,'and in contrasted modes of construclion, accompanied by detailed 
Specifications, accurate Oeacriptiona, and appropriate Remarks. 

The whole of the information neceseary fur this Treatise is derived from tbe 
only legitimate source — the direct conununi cations of the Engineers to the 
several works, who have kindly sanctioned and promoted the undertaking. 
The fuUomng teleciion from the numerou* PlaUt it m^omed, at a ^itdmea tf 

the variout and euenlial^ ta^ul a^oriaatkm noifofmd in any Engineering Work 

yet publUhed : — 
Gbxhd JiwcTion Bi,iLWfi:—Jatrpk Lacla, . 

E^.. M.I.C.E., fM'Hv- 
AqiclKtrtir iheDnkc or BrMiewiIcr'iCiiiiL I 
DcUIIb ot Inm Briilga. 
Dcuiliorlnm Pom BrMtc. 

8rM«i anr Rallwwt » iicciUd, on* ildc 

Ilak, ( EltTBlioni, Flu>, ■imi'ShUihii.) 
Brld|« over ilie VUm ■■ Briuol. 
Bridie oi llw UibridKC Rwd. 
TBI LiMcoRTiii Cinil:— ./(iBSeiulf.Af. 



L»u> iHD SiLiT Railwit-^oimj tfoOa; 

l'»scL ^^ 

Dcuil) or Le«d> Depot. 



tlwuy. 

Ell nt Iron B 



no Bridg.! ■■der HinipHeiid Bud 
u vr Main >Dd Hid<lit Ribi, Plant, 
uo nr Rlbi). 



DeUib 


•A Brid(< ror BanriH End It 


i>k1(E1«ti- 


UOBI 






Deuil. 


of Bri<l[«(Or H.Wor't End Luk (Ele- 


nlkH 


.S«tkM.>i>4Pl.ui>. 




PUo or Sidlii or P>»l»f VUet, 




Poln 






Dculli 




BU>wof>h 


"JjM»,.. .*«!...... 


, 4, 0, IDd 


HwM 






S(«>« 


S^^'ir^ R«d« lo PliK Wood. 


(Ele 


Mian anl Sh'I'Hi). 




B^Wg. 


riom Tuwceiler 10 Conon End (Bkri- 


tioo. 






P»«orUi»l<.doTiii>DtL 




Detilti 


or Hllibj Tonnel (EknUoD 


PUD.,«d 



WHdooTudict,(EI*v>tloa, Pliu, ■ 
Wlih ikliilHl SjHolflHtiou, EUlni 




Hclbod or Workiac Ibe PrinilOK-HIII Tddi 

Extract frmn the 3rd Vabane of the Eailmay Magaiane, p. 449. 

•■ TiM-.iithor aiWtA "rfl till hia book ' " 

ty Pncllce,' n>c notfaiBg ■pp«n 10 b. 

■dinl engiDHr ; uaple In Oie virinu di 
id itetcrtptloiit, jret ■nescn 

Igloil dciigni, ror biidgn,ninB> 

Extract from the Iff Folamecftke ChU Enginern' JoKmal, pp- 36, 37 :~ 

" The viluo or >Dch bwkt ni llie ooe now | pracDcd irark, •■luWe Dot onlyto 1h«_H 



WUi be Reads " "fevr Day, The 
APPEZrSZX TO B.AZX.WA.Y r&ACTZCfi, 

Consbttng of a copious Abstract and Glossary of the ETidence on tbe 
several Railway Bills when before Parliament, properly digested, 
abbreviated, and ananged with tbe mai^nal notes. 
tn I hasdaoiiia ««> Tolttmiun— rlT*0 tbeeas of KMter Wtttm, 

Illustrated with the Sis lai^ Working Drawings, beautiJully engraved 
on Copper by Keisall, of Hawthorne's Paris and Versaiilea 
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Locomotive Engine, oihI Deicriptiotu, which waa cotuideied by the 

British Association at their last Meeting at Newcastle to be the 

moat improved Engine yet invented. 

Hioae who are not convenant with the getting up of such a Work ai the 
present, would be perfecd; aatoniihed at the immenie labour, independentlf 

of the correct judgment, and accurate diicrimiQation — ■ — ■ — ' '" **"- 

It D1 






._. __^MUon a* a mine of uieful practical knowledge, that r 
whether the rooft eminent, or just commencing as a student, can [KiBiibl; do 
without ; it must be a constant companion m the field of operation or the 
quiet itudj of his [nrofesiion. 

examined wiU be fonnd the fallowing eminent 



Among the several 
Engineers. 

George Stephenson, Esq. 
Robert Stephenson, Esq. 
I. K. Brunei, Esq. 
J. V. Rastrick, Esq. 
Joseph Locke, Esq. 
Charies Vurnoles, Esq. 
Henrjr R. Palmer, Esq. 
Geoi^G W. Buck, Esq. 



Henry H. Price, Esq; 
Thomsa Cabrev, Esq. 
Dr. Dionisius Lardner. 
Geoive Leather, Esq. 
William C. Mylne, Esq. 
Francis Giles, Esq. 
Col. G. Henderson, 
Sic, &c., &c. 



l%t/aBtmmebrirfaeei>mtrf 1^4 la^eimteiUitf thU wort mUMhowtfitabKltUe 
neeetdty ^ ewry Engineer poiKsring it : — 
DcKrtHloHorikt tncnlRallwiyi thrw 
(kc klnfdviB, with tlH ulan or Ibr wofki 



■idlwil or wmUi|, lad ta^ati u«l ilioa ui 

•etxiioDi ■pan iha cconDulcal lijlic <iai 
RiUwJiri, irllh liTotlnUui or Ike Kntal 
(CRIU t lent or Ike Hkjcct. 
lUnurki opoa Rlopeg l.i nrioDt nllt, (od 



I apoii Oik, Urck, uS flcotch Fh 

ndlhtlrdunbllltri >)», iht effect ol 

ma belwern iGacki imd Sleeptn.wlib 
dunbiUIy, aiid wiir and uu.Kc, 




. Slipi and ConilnniKlee. 
mibiiaiia of Rtil irayi nmln Ta 

fationi npoa Rallnar CutIiici, a 



Uie Kieral inn! imhe 
Comiwrluii and «•) 



?&.„ 



BDlltitH IhEre can be (came^l per dajr. 

choila^kiiing Railway Worki. 

1 upon Nlthl work, Ac, ud working 



Corvei or iirknt fwliot."'™' 



RenirktnpOB Rallutlog, Ac. 

With nemerooi DeKriMlou i 
ha Hannfaclnrei, Traffic, ReMon 
[mportaDce, aiul Pnaiilon or ibe 

Tke wkde inlertpentd witk li 



rrally. 



Tlie Subscribers to tbe Railway Practice are respectfully informed that, on 
transmitting the following notice, either direct to Mr. Williams, 106, Great 
Rnsaell-street, or through their respective Booksetlerg, they can have thia 
AppendixforSU., instead of £2 2a., which is less than cost price. 

" 1 beg to claim the Glossary of Railway Practice for 21s., having Eubscribed 
to the Rt^ivay /"racftce. "—Sign the name. 
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Pr^arv^ for puhlkatiott, by Subieriptioa, 

DRAWINGS OF STEA» ESaiRBS, 

AND OTHER MACHINERY, 

In order to guide the Engineer, Student, and Mechanic, in manufec- 
turing Working Models for practical purposes, or for the Lecture 
Table, illustrated with Dutnerous Plates, clearly and accurately 
detailed by Drawings, full size of original Models, of first rate work- 
manship. 

Thia novel Work, for novel it ia, a» Qothiup of the kind has yet been pub- 
lished, cannot fail nf success, as its utility is so obvious that the Publisher, 
calculating upon am unusually extensive sale, has determined tu bring it out 
at the very lowest price it ia possible to be published at, SOs. to SubacribeR, 
forming a handsome quarto volume. — Gvntiemen will please to forward their 
names to the Library of Arts, or to any resxiectaUe Bookseller in Town ot 
Country. 

NoBi ready for dtUvery, Part I., DAVY on ARTIFICIAL FOUNDATIONS; 



COSST&UCTXVE UAlTUAIi, 

Being a Practical and Scientific Treatise on the Construction of Arti- 
ficial Foundations for Buildings, Railways, Sic, With a comparative 
view of the application of Filing and Concreting to such purpose; 
also, an investigation of the nature and properties of the Materials 
employed in securing the stability of Buildings. To which is added, 
an Analysis of the principal Legal Enactments affecting the opera- 
tions of the Practical Builder ; illustrated by notes of cases 
occurring in actual practice. 

BtarantlT printed in 1 Voloioe, Sto.. Ulnatrated wltb 13 luaftal Vlatas, 

In Clatli, fold lenen, Frla« 12», 

Br CHRISTOPHER DAVY, Aich. & C.E. 

l^foBommgckiu^eaiioiirfafeaicfths more important fealaret of thu aiork ai'dl 
at once exhibit iU comprehenmenea at a Maniud to the ArchileduraJ Student 
and Engineer, and, at a aork iff tittffd and practical reference, of tie highetl 
importance to the mecei^al operaliont <tf the Practical Builder. 

bdU.— Ind, The GoDiInKIIan. cikolatioiu, and 
DM or <be dlSennl viritlici (rfiKe FiU UrMiv 



lie, IU 11^ 



ti ■pplicitlun lo HwcfiCc Btdtdinfi vitfpotet.- 
Hh. 0»lh*vr " - - — 



«ppi]ciri« . , , 

tmpirrtaai gwnrmntrU atab/ithamUt : Talq^bte 

tmploriiuiit tf BrUt, .fiir .AuhIiUIoh, 4c.— 
Tlh. On IhEvarielieiBndcomnoaliiDii of Afgr- 
tan tttid ZiMH.— SOi. On ihe varltHii ^ 

Bvildiag Stoat, and llielr employmenl in foan- 
dalions. Tbe iBrloiu ubjECU comprutd In (kit 



and M^mmndi, ciiUecied uigeih< 
TOni nmrceg of icknowl«l(<:a WD 



_ .rorth. bihI ll'n». 

The BulMioe Ac), 

rlU ^ be 






ompinitd by oolei lud Uli 



A cJiiptftf ti ejLcellr 



Dr, il<i:(lu'i experlmcnu and dcicrlpllgni or 
Ihe mnH (upTDTed Bniligh. Scetcli, and Irlih 
kllni. -^And, eUi. Profeuar Fnch'iexpertniiBU 

V^nsafAft fwwn poblk workA — Virleliei of und 
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Hm Publiibei feeb much pleaanre in snnouiiciiig the above m an entirely 
otiBinal work, of tbe greatett utility to the Amateur, Enfrineer, Architect, and 
Praedcal Builder ; Hr. D*vy being ezpreBily authorised, bj the Maiter- 
ftenerd of tbe Ocmiance, to KiTe in tbii work aU the expertnun/i and highly 
Important results made under the direction of the Board of Ordnance it 
Woolwich. 

The above valuable Compendium also conttuna a Register of the principal 
Geologicnl Formations in each of the Counties of England and Wales, with 
the situation of the principd Stone Quarries, Lime Worki, &c., expremly 
f^mpiled for the use of Architects, BailwBf Contractors, and others, forming 
on invaluable index to the various depoBitanes from whence building materials 
may be procured. 

Vol a im prepulac Ear tbs VreM. 

THE PUBLIC BTTIXSZZraS 

Erected in the West of England, from the Designg, and under the 

Superintendence of 

JOHN FOULSTON, Arch. 

*rlM «• •■, In 1 vol. roral fttoi, alatb. rotd lettered. 

AT PLYMOUTH;— the Bomi Hotel, AmnMg Roomi, and Theatre: the 
Alhetuatm, PiMc Library, Exdutnge, St. Andreie'i Chi^iel, and the Interior of 
*■/. Andrea'i Charch, as altered.— At DEVONPORT: the Tmoi Hall, PubUe 



Library, MomU Zim Ckapel, and the CoUmm erected to commemorate the event 
of changing the name from Plymouth Dock to Devonport. 

This Work comprise Buildings erected in the Greek, Egyptian, Hindoo, Old 
English, Ornamental, and Rustic Cottage Styles, &c 

Correct Plans, Elevations, and Sections are given of each, in which the 
belt examples have been selected, and the most scrupulous attention paid to 
the Proportions, Moulding, and Omsments of the Architectural parts, 
according to their respective styles, and to the public, domestic, or other 
imrposea for which they were erected, that they may_ be adhered to, and 
adopted with perfect confidence. Correct copies are given of the Working 
Drawings for each building, and descriptions of the various pu^ worthy ^ 



IN CORNWALL: the Plana, Elevations, and Sections, of the Coanty 
Lmtatic An/UtTn, erected near Bodmin, the boundary wall of which incloses 
nine acres. This Building is also erected secure tVom fire. The particular 
construction of the Iron Roofs, Floors, Doors, Windows, &c. are detailed from 
the Working Drawings. 



Itoyal HHl. AmmHt lt«-wu. oxl 7*«U«.- 


■irpleofdonieilicAFFhltKmrt.balllbyRlchiid 


"TlK deilgB ud viHDtiDD or lbl> DoMe pUc 


Briunley, Biq. Theniiial nunery uy of cocknev 


At AnhlucI, ID whoK inilf clutlcal uut the 




tgini b lndatHtd Ikr ibl>, ud Uk umemni 


■IJuded iLS which nelly are ' Vlll.t ' in a khh 


other lOHtiiMni at hh irt, which •d«ni our 








liQII.--/><»<R»u t^ Ptymtmlh. bf th> Ac. 




DuntenHia other reiidtnni, lately liuill, or buw 


" On llM riffaf'ii IB ediacc Ib ibe Rjyptiin 


er«.ln(." 










talcDii or Mi. PuoIudb hiit been ■■ctnilnlly 


nulce of <lK viallor; lhl> It alH rrom the dc 


S. Rowe, ■ h» b»B dbpleyfd by .he A>^)t«cl 


dgui or Jutan pDilHoD, Em., the am nodetn 




Ir.r.S'ff.-SKTIKC'lE'E 


du^ loBe lo riymouh : bow »eee»(oi haa 


becB IhU «uy, iili Mlawcn will hoattlly 


•1KB wsiibown (^ Hr.Oole. Sir Jotaa 8l. A.byn-s 


.vouch, whUe they (ntefaily rsj.td hini t> ■ 






plea»rc, ud itinlBed, 'HiM 11 wu the bee! 


n^fitnea of the poMIc Blind, and lef 1 11 rtadlly 








laue and eienloB.."- KtHMon; GMt, b. 


i">'i«v|V^ V. 1. 


Gtmy Witiktuiet. ArchlUd, ISU. 
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EKEKSirrS OF KEVEXLinrG AND 

suavE-s-xiro. 

BY EDWARD JONES, C.E. 

ork of the 

a nork which 
Engineering 

JVbiD reads, »" One Foltinu, 8vo., enriched mlh man;/ v»^ul Plate*, 
Air SXEKENTA&T TRSATISE OOT 

CIVIL BzreiNBBRino. 

BY PROFESSOR MAHAN, 

Of the United StateB College for Engineers. 

The great success of this work in America, having run through a verv large 
EdiUon, has induced the R'oprietors to bring out a second EmUim in 
EngUaid. It is singular that no work forming a Manu^ of Engineering 
has yet been published in this country. Mahan's wotk is the very thiujg 
wanted, for Professor Barlow has giren it the high sanction of his 
approhatian. 

Vrtoe \%a In OloU. 

A NEW WORK ON 
PRAGTICAX A&CBITBCTVB.E, 

Bt ALFRED BARTHOLOMEW, Ahch. 

Conaiatin^ of about 500 pages of closely printed Letter-press, an 
entirely new work, to be entitled, " SPECIFICATIONS FOR 
PRACTICAL ARCHITECTURE, accompanied by an Essay on 
the Decline of Excellence in the Structure of Modem English 
Buildings," illustrated by more than 100 Wood Engravings, pointing 
out practical defects, and their remedy ; and exhibiting improve- 
ments in construction. 

ELEMENTS OF 
ARCHITSCTVRAX CKITICISW, 

STUDENTS, AMATEURS, AND REVIEWERS, 
Bi JOSEPH OWILT, 

A|^b« o( Ike TnulUloa of Vllnrrini, ind ulicr iralonUt wotki. 

Illustrated with Blates of the Moseuh at Berlin, the Gallery of 
MuKiCH, &c, ; to which is added in this second EdiHoa, an AP- 
PENDIX, in a short notice of the Foreign Quarterly Review. 
1 TOl. raj«l •▼»• olotlit Eold latt«r«d, Sa. Od. 

Or the Appendix separately, price 1». 6d., or 2*. 6d. on large paper. 

The First Edition not having the Appendix, any Gentleman can return 
his cop; and have the complete work, or the Appendix separate as may be 
preferred. 

A perusal of this work will show the necessity of every Student and Ama- 
teur possessiug so valiuble a Guide in correcting his taste and informing his 
judgtoent. 
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